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ANTIFREEZE POLYPEPTIDES 



5 Field of the Invention 

This invention relates generally to reagents useful 
in improving the freezing tolerance of otherwise sensitive 
organic materials. These reagents increase the frozen 
storage life of, e.g., foodstuffs and other biological 
10 materials and maximize retention of various properties during 
storage or upon exposure to freezing. 

BACKGROUND OF THE INVENTION 
In modern times, refrigeration and, particularly, 

15 freezing have become common and preferred means for storage 
of biological materials. While refrigeration preserves some 
important properties of the samples, others continue to 
deteriorate at a slow but significant rate. Frozen storage 
may arrest most of this deterioration, but the combination of 

20 freezing and thawing introduces other changes which destroy 
other important properties. 

In the modern world, frozen foods have become a 
mainstay of the human diet. To ensure a high quality 
product, sufficient for the demanding consumer's palate, 

25 frozen vegetables in particular, and frozen desserts, such as 
ice cream, have been the subject of extensive research by 
food processors. It is now known that recrystallization can 
have a substantial negative impact on the taste and texture 
of frozen foods. The advent of frost-free freezers has 

30 exacerbated this situation, which has been more traditionally 
associated with temperature fluctuations during 
transportation. After a relatively short period of time at 
other than sub-zero temperatures or even at sustained 
freezing temperatures, many frozen foods become less 

35. desirable, or worse, totally unsuitable, for human 
consumption* 

While a variety of techniques have been implemented 
to mitigate the damages associated with recrystallization, 
and limited success has been attained, significant problems 
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remain, often, modifications to th* • 
foods drastically affect ^ir ^ ZlT t T ^ 
texture. Koreover the , ' ° r ' and/or 

expensive T addltlona l Processing can be very 

incorporating 

For biologies, such as therapeutic drugs bi ood 
Plasma, mammalian cells for use in *i 

nvo ^ • n tlssue culture, and the 

freezing can cause extensive damage. In particulaT 
the freezing process itself fcill= ■.„„.- ,. P™ 11 ™"*. 
cells subjected to even " ^ 1S . BOSt «**ryotic cells, ana 

exhibit greatly reduc^ 
fermentative and subsequent hr~ a * t« 

oens. lB pairea functi^f ^ v n °* t "~ 

in tissue cryopreservation . Prevalent 
organ transplL^ 1^™" T*"*" 

to plant s presents a « £ ^ 

Finally, drugs can become ineffective 

not maintained under x^i^^T; " *~ if 
Thus th e ~ ! temperature conditions, 

xnus, there exists a need for- nm r *• ^ . 

including storage of frozen ^^.'^.S^T 

invention fulfills these an/othe^ needs. ~ t 

SUMMARY OF THE INVENTION 

effects of freezing * . OTCtlve or deteriorating 
events rZtT T"* 19 ln 

organic Aerials ^t^LTTT " 
Its various embodiments addresf i^! T * Passes, 

^protection of ^icina^^i^ IT^T 
of agriculturally valuable plant products W*« 
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In one aspect, the present invention provides novel 
methods and compositions for improving frozen storage life 
and other characteristics of organics and biological 
materials, such as frozen foods and biologies, through use of 
5 antifreeze polypeptides, preferably in substantially pure 
form. They further may be used in protecting agricultural 
products from damage from freezing climatic conditions. 
Although a variety of antifreeze polypeptides ae provided, 
the most preferred will typically comprise at least about 2 

10 segments with sequences homologous to a consensus sequence, 
LTAAN AAAAAA, as well as additional amino acid segments or 
moieties, dependent upon desired additional characteristics. 
Among other uses, the antifreeze polypeptides assist in 
suppressing ice crystal growth in foodstuffs and biologies, 

15 without harming desirable aspects of the food or decreasing 
the viability of the biologic. 

In another aspect, the invention relates to methods 
for producing novel compositions comprising antifreeze 
polypeptides in combination with the organic materials. In 

20 other aspects, the invention relates to production of the 
antifreeze polypeptides, preferably by recombinant or 
chemically synthetic means. Specifically, cloning and 
expression of nucleic acid sequences encoding the 
polypeptides, their expression, purification and various 

25 methods of use are also provided. 

BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1 shows the amino acid abbreviations. 
Fig. 2 is a listing of the core repetitive 
30 sequences of the synthetic antifreeze polypeptides. 

Fig. 3 is a listing of especially preferred 
antifreeze polypeptide sequences. 

Fig. 4 is a listing of specific preferred 
antifreeze synthetic gene sequences and their corresponding 
35 amino acid sequences. 

Fig. 5 is a list of fusion polypeptides and their 

uses. 
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Results of the BNase protection experiment. 
Lane 1: probe alone 
Lane 2: Yeast tRNA 

3= fron transformant not expressing antifree.e 

yens 
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Lane 5= m fro » tuamtaau ^ 

!-»• «« RNA from 2964-APHB transformant #3 

I*ne 7: kka from 2964-APHB transformant #4 

£ne 8= rha from 2964-APKB transformant #5 

Lane ., m fron ^^.^ 

«— "= PBR322 Hpall molecular weight markers 

in extracts If yLTeLrT °* ~"^~tion 

the present ^«:„^ reSSln5 * ^ of 

in extracts^ ^TZZ^'^ °* "™"^ion 
the present inve^T 8 ««« of 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

substantia aCCOrdanCa Wlth «- P«sent invention, 
substantially pure polypeptides, typically f re. , 
contaminating naturally „™ 4 typically free from, e.g. , 

a ■""^rally-occurring compounds fsm* =, «• 
«eect extract, , that exhibit ice crys^rowT " 
activity are nrovid.* *„_ , crystal growth suppression 
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at least two segments with a sequence homologous to a 
sequence LTAAN AAAAAA, and X3, if present, comprises a 
terminal amino acid sequence. 

In one embodiment, XI can consist essentially of: 
5 a) a heterologous fusion partner polypeptide and, 

if present, a spacer segment; 

b) a substantially stoichiometrically cleavable 
amino acid or polypeptide and, if present, one or more spacer 
segments ; 

10 C ) a non-amino acid moiety; or 

d) an oligopeptide segment other than an 
antifreeze segment typically between about 2 and 20 amino 
acids. Most preferably, XI will comprise amino acid sequence 
which does not contain aspartate and X2 will comprise at 
15 least about 3 tandem segments, each of about 11 amino acids 
in length and comprising: 

a) all alanines except between one and four 
substituted amino acids selected from the group of D, E, K, 

N, Q, R, S, T or L; 
20 b) ten alanines, except having between one and 

four amino acid substitutes selected from the group of D, E, 

K, N, Q, R, S or T; or 

c) either seven alanines or six alanines with one 

leucine. 

25 m one embodiment, antifreeze polypeptides will 

have an XI region that is stoichiometrically cleavable by 
reagent, such as cyanogen bromide or an enzyme, preferably an 
enzyme that does not cleave the X2 region. Particularly 
preferred amino terminal segments comprise methionine, MAA, 

30 or IEGR. Typically, the X2 segments will be between about 

two and ten segments homologous to the consensus sequence and 
preferably three to five adjacent segments. A preferred 
amino acid segment within X2 will have the sequence DTASD 
AAAAAA, and more preferably as the amino proximal sequence. 

35 Similarly, X3, if present, may consist essentially 

of a fusion partner amino acid sequence with optional 
accompanying spacer segments or a terminal amino acid 
sequence. X3 will preferably comprise any of the following 
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equences. Preferably, recombinant nucleic 

will have synthetic segments having selected I t 

comprising predetermined restriction or !l USaSe ' 

recombinant seguenoes typically will b. vTl 

sequence not normally associated v£h , T* 3 "^"^ 

Polypeptide yet operable ^T^^lT^ 

capable o f ^"^tUlt ^ ™ 

or f oodstu« =omposit^nradri7a d r:cr T iogic 

to suppress ie« , sufficient amount 

- s c^r™ 1 °:«r tives - 

generally stabilisers for \LaZd f" 1CUlarly 

e.g.. zapsalis and Beck (1985^ T peptides. ^ 

- -cn rssrs^s- - - 

the WologiTc:™^^ " ^ *» 
*— to Lse sWlled L t'Z^ " lth PrOCeteeS 
arts. Alternatively. plLtTor "eU^JT PrOC6SSiB3 
recombinant nucleic acid s^,, * with 

waich will then ^ ZlTTZ^lZ 
*«•*" of a plant, particularly diCe^us dUrin9 ^ 
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Without intending to be bound by a particular 
mechanism, it is believed that the principle of ice crystal 
growth suppression is a non-colligative property of the 
antifreeze polypeptides involving interference with the 
5 addition of water to the ice lattice (adsorption inhibition) 
of an ice crystal. This mechanism is also seemingly 
different from the process which occurs upon initial 
nucleation or formation of the crystal. The rate of crystal 
growth determines the size of crystals while the nucleation 

10 rate determines the number of crystals. 

In biological samples, much of the damage on 
freezing is due to the size or method of growth of the 
crystals. A larger number of very small crystals will 
normally be less damaging. The novel proteins of the present 

15 invention seemingly function to inhibit the addition of new 
water molecules to an ice crystal by binding to the growing 
crystal face and blocking sites for further crystal growth. 

Thus, the subject polypeptide sequences are capable 
of suppressing growth and recrystallization of ice crystals 

20 in various organic materials. These antifreeze polypeptides 
have a number of distinctive properties and uses, as 
described more specifically below. 

Antifreeze Po lypeptides 

25 As used herein, the term "antifreeze polypeptide" 

refers to a polypeptide exhibiting the activity of inhibiting 
the growth of ice crystals in a sample. This activity is 
also referred to as ice crystal growth suppression. The 
growth-inhibited ice crystal will typically be at least about 

30 10% to 20% smaller than non- inhibited ice crystals at a set 
point in time after onset of freezing, preferably at least 
about 40 to 50% smaller, more preferably at least about 65 to 
75% smaller and most preferably about 95 to 99% smaller. 
Thus, depending upon the ultimate use, a freezing protective 

35 amount of an antifreeze polypeptide will be a quantity 
sufficient to provide a desired level of inhibition of 
crystal growth. Though there are many ways to test for such 
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ass^» i r y '. the PrSferred meth ° d 1S to — * — "1- "splat 
ZZ b8lOW - BriSfly ' tte — * consists of 

applymg a solution of the protein to a oooled aetal bloc, 
and paring the size of ice crystals formed after a! 

antiT intBrVal " lth « ~ lacKing 

ZtZT" P ° lyPePU4e - ^eral description of 

T-tlTT 7 DeVrleS (1983 >< *»• *«. Physiol 

45^45-60 and Feeney (1988) e— ^. ^. ^ yS101 "' 

rSS.' 1!47 - 181 ' — -^^orporaleTherein by 

a=id ■^jn^^rr*"' sequences m 

n nn ~ exhibxt strong homologies to particular- 

consensus sequences. The single letter ^reviatLTa" " 
those commonly used by biochemists and listed in Fi* 7 
Stryer, Sio^gmlsiry, 3d Ed. , W H Fre J^n ! n *' 

*»* (1988,. Examples of th ; S e*3;^r & New 

and Pio a mi, 6 se 9 men ts are listed in Fig. 2 

and Fxg. 4. The consensus sequence of one type is- 
lTAan AaaAAa, 

where the capital letters are aaino acids identically 
conserved in seven given segments and the lowercase Ltars 

^^TL-^rr " *— positions - - 

^ and sixth acids merelv f 0 y 

segments in Pio 2 " ° £ 9iven 

ranging tr JZr 7I »Z ^TT ^ *»" 
sequence o^Z 7 * tte Census 

-rusted ^rrz^t^^z^ 
r „ 9enerally jll 8 ;^^- 

conservative a»i„o acids. lnto various posLl^Lhiy 
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into the positions not identically conserved in the listed 
segments of Fig. 2. By conservative substitutions are meant 
substitutions within the groups as follows: gly, ala; val, 
ile, leu; asp, glu; asn, gin; ser, thr; lys, arg; and phe, 
5 tyr. 

Thus, antifreeze polypeptides will typically 
contain two or more antifreeze segments, each preferably 
about eleven amino acids in length. In the absence of 
additional components, the antifreeze polypeptide component 

10 portion will vary from at least about 2,200 daltons to about 
10,000 daltons, typically between about 3,000 and 7,000 
daltons, and preferably about 3,500 to 6,000 daltons. 

Multiple antifreeze segments are typically found in 
tandem, but may still retain activity with intervening amino 

15 acid segments between them. Although not intended as a 

limitation, there are indications that intervening segments 
most likely should preserve a conformational constraint 
within the antifreeze segments, and the likely limitations on 
intervening spacer segments require a multiple of about three 

20 and two thirds amino acid residues (meaning, e.g., three, 

four, seven, eight, eleven, fourteen, fifteen, etc...). The 
antifreeze polypeptide may retain its activity to suppress 
ice crystal growth even having an occasional insertion or 
deletion of an amino acid in a segment, though there may be 

25 limitations on the possible modifications consistent with 
retention of activity. At least two of these homologous 
antifreeze segments will usually be contained within the 
polypeptides of the present invention. One particular 
segment may be present in greater than one copy. 

30 An antifreeze polypeptide may have as many as ten 

or more segments, but usually less than seven and in the 
preferred embodiment, three through five. The number of 
homologous segments may determine the effectiveness of a 
single molecule in suppressing crystal growth, or may 

35 determine the molar number of molecules necessary to have an 
effect. A correlation has been observed between 
recrystallization inhibition activity and number of segments 
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when increased from three to four to five, evidencing a 
dxrect relationship between activity and number of repeats 

The amino terminus of the polypeptide will 
typically comprise a site specifically cleavable moiety 
> comprising one or more amino acids, preferably amino acid 
sequences selected from the group of: 

a) M (methionine); 

b) MAA; 

c) a spacer segment containing the sequence IEGR; 

d) amino acid sequences susceptible to site 
specific cleavage; and 

e) an amino acid sequence which serves as a 
fusion peptide, thereby possibly conferring multifunctional 
character to the fusion polypeptide. These amino terminal 
sequences will typically confer resistance to proteolytic 
degradation of the antifreese segments, but may also, or 
alternatively, confer a second biological or other activity 
The moiety may also be a non-peptide extension such as a 
sugar such as glucose, galactose and fucose, or be composed 
of a polymer of such sugars. 'P°sea 

* Methio "^. by itself, is easily removable by 
treatment with cyanogen bromide, and thus falls into both 

Isa'snort T " "^-alanine-alanL 

serif ^ hy<Sr0phol>ic seguence. iege 

serves as a spacer and is the recognition and cleavage site 
for factor X. of the blood clotting cascade. 

tvoic, "° iety SU3ceptlble to specific cleavage 

SlHot Z SitB SPeCifiCa11 * «* " • Prcces , 

whUe not cleavxng internally in the antifreeze segments so 

Clelr^T ^ -PP— ion «tivi t y 

Cleavage need not be stoichiometric, but win usually be 
nearly quantitative. Whii. it naed not be slngl "^ 

series of reagents, simplicity can be conferred by a steady 
"ate type reaction system, or possibly by passim, JL- ! 
column wherein proteolytic enzymes v nl fLct on Ite""* ' 
sample as it passes through. 
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The means for site specific cleavage will generally 
include enzymatic cleavage. For polypeptides, this will 
typically be performed by site-specific proteases, which 
exhibit specificity in recognition and cutting of particular 
5 amino acid sequences. Exemplary proteases include trypsin, 
chymotrypsin, pepsin, papain, subtilisin, elastase orV» 
protease. An alternative method is to treat with a chemical 
agent which causes breakage at a particular site. A classic 
example is the use of cyanogen bromide to cleave methionine, 
10 a reaction exhibiting high selectivity. 

The carboxy- terminus of the antifreeze polypeptide 

will normally be: 

i) ATAA; 

ii) ATAR; 
15 iii) atak; 

iv) ATAAAAAR; or 
V) ATAAAAAK. 
Although these are the preferred terminal sequences, 
additional sequences may be substituted. These are generally 
20 somewhat hydrophobic, but others may be utilized. The most 
common fusions will be segments which will confer onto the 
resultant protein particular advantageous properties, as 
indicated for resistance to destruction or degradation See 
Fig 5. Also envisioned in the invention are polypeptides 
25 having modifications to the polypeptide chain, including 
acetylations, methylations, derivatizations and 
glycosylates where the polypeptides have antifreeze 
properties. These modifications may be located either in the 
antifreeze segments or on other segments or both. 
_ 0 if desired, a heterologous fusion protein may 

comprise additional polypeptide or other segments attached to 
the amino- or carboxy-terminus (or both, of the -tifreeze 
polypeptide. Surprisingly, the antifreeze activity of the 
antifreeze segments is retained, even when the segments are 
35 embedded in a fusion protein. The fusion protein of the 

present invention will normally comprise one or more domains 
from a heterologous protein, such as a protein which is 
normally targeted to a particular cellular compartment, into 
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In one embodiment of the 
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although leader sequences^- PePtides ' 
extracellular secret Particularly useful for 
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carboxylase which will be tr.7 !!' ribUl ° Se "^Phosphate 
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<=y*ochro»e c which iT Sported into vacuoles, 

a^las. which U^ret^T ^ 

pathoge^sis-related ^eL™ ^rfT— « 
aicotyledonous plants r!" ™ * 1 * 1S "°««*» 

- targeted to'the ^CST^ *** 

resistance to si m i^ _ confer greater 

— . ti^i^x^ — - 

herein. P ° nents of nucleus are embraced 

segments J" Z^Z Tl 

selectivity f„ r attach B e:t1r^T POne,,t * 1 * hM 
cell types. The targeting « " te9ratl ° n lnt ° Particular 
specific cell types g«a« vL aOUvlty *> 

Protection, ^exa^ ^TCarl^ ° f 

arter targeting, and upon freezing 
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of a cell culture, those cells which have become 
cryoprotected might selectively survivethe freeing process. 

Other likely candidates for peptide fusions 
include, but are not limited to, Protein A, /J-galactosidase, 
5 ^-lactamase, chloramphenicol acetyltransf erase, alcohol 

dehydrogenase, alpha amylase, luciferase, phytohemagglutmin, 
RuBPCase small subunit, phaseolin or yeast alpha mating 
factor. Fig. 5 provides a representative list, not 
comprehensive, of suitable fusion proteins and their 
10 properties. The sequences of fusion proteins and various 
antifreeze polypeptides are available from, e.g., GenBank 
(National Institutes of Health) , the relevant portions of 
which are incorporated herein by reference. 

a^n e n~ H ~ T AntifrePTQ Polypeptides, 

A recombinant nucleic acid sequence results from 
the joining of two segments of nucleic acid which would not 
otherwise be joined in nature. Typically, the separate 
nucleic acid segments originate from different species, but 
may come from two different individuals, or even different 
cells of the same individual. The term "recombinant nucleic 
acid sequence" also includes a chemically synthesized nucleic 
acid segment having a selected sequence joined to another 
segment from any other source. 

Typically, the synthetic segment is used instead of 
a natural source, because a particular nucleic acid sequence 
is desired which may be different from known natural 
sequences. Often a synthetic sequence is used to change a 
codon or to change codon usage, or to introduce or remove 
restriction eiizyme recognition sites. Particular codon 
selection may be different for the purpose of higher 
translation efficiency in the target expression system making 
use of the differential codon usage of a given host, to avoid 
particular codons or to change the amino acid sequence of a 
resulting polypeptide. Introduction or removal of particular 
restriction enzyme recognition or cutting sites may be 
important to assist in the process of generating a particular 
sequence having desirable characteristics, including the 
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strand, or its complement, typically using a sequence derived 
from Figs. 2, 3 or 4. Selectivity of hybridization exists 
when hybridization occurs which is more selective than total 
lack of specificity. Typically, selective hybridization will 
5 occur when there is at least about 55% homology over a 

stretch of at least about 14/25 nucleotides, preferably at 
le ast about 65%, more preferably at least about 75%, and most 
preferably at least about 90%. See, Kanehisa, M. (1984), 

anids Res. 12:203-213, which is incorporated herein 
lo by reference. Stringent hybridization conditions will 

typically include salt concentrations of less than about 1 M, 
more usually less than about 500 mM and preferably less than 
about 200 mM. Temperature conditions will typically be 
greater than 20'C, more usually greater than about 30'C and 
15 preferably in excess of about 37'C. As other factors may 
significantly affect the stringency of hybridization, 
including, among others, base composition and size of the 
complementary strands, presence of organic solvents and 
extent of base mismatching, the combination of parameters is 
20 more important than the absolute measure of any one. 

The sequences also include nucleic acids encoding 
antifreeze polypeptides containing either fusion protein 
segments or segments which are engineered with additional 
desired sequences. This will include synthetic nucleic acid 
25 sequences which have incorporated unnatural sequences, 

typically for the purposes of substituting different codons, 
(particularly to match codon usage to the preferred codon 
usage of the expressing host cell) modifying the amino acid 
sequence of the resultant polypeptide, removing or adding 
30 restriction enzyme recognition or cutting sites or modifying 
upstream or downstream sequences in regulation of the 
expression of the polypeptide. 

in particular, the preferred embodiments of the 
antifreeze segments contain, and are flanked by, recognition 
35 sites for restriction enzymes with hexa- and octa-nucleotide 
specificity, in particular, they are flanked by the 
following sites: EcoRI, SstI, Smal, Kpnl, Mrol, BamHI, SphI, 
HindHI (not all sites flank any one gene) . Also in 
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Particular, they contain the foliovina .i*. 
Bgll, Sacll, NotI, Pvull and Hn r NCOX ' NheI ' 

in the construction J^J^ ^ ^ " ™ 
sequences. "Nation of the antifreeze-coding 

Furthermore, the codon n Mm „« 
embodiments differ from that of th Preferred 
antifreeze genes f ro m t^Jt^^T*^ 
win facilitate translation !„ f PPt "* 1 °° don usa 9 e 
expression of antifree e ™ es ^ 
codon usages i» protarvoteT partlcu l«, preferred 

««er from the m^^f^T^'-"" * ^ 
antifreeze genes (HaruyaTet ™ ^T" £l0Un<ier 
Suppl. 151 . 18S) . HoJpartSul^v^ 1 ^^™' 14 
SCI together account for ZTZTtsT'/T™ **' «* 
in known genes of e. com T * alanine codo "= 

they account for lesslt LT^L^ *' *— 
antifreeze genes of winter flounder^ ™ in toOUn 

Similarly, the codons ACA lea I -MOSMM) . 
~* of the threonine ^onst ^ f " 

S. (70%, and ,. " ° f £ - <5»,, 

for less than 25% of the'tnr^- ' *** **** aoo °™* 

^ifreeze^ptwrri "2"-* ™* «» 
nucleotides) into a «~ ' ^ 65 and 350 

— * acid segment under Coper^on' T* 
upstre» promoter or enhancer ele^t 1*°' °* "» 
»nder operational control of th. 3 i* 

lin*** to the promoter Pr0 "° ter ' tt is 

promoter and a cooZ I ° PeratlOMl llnta 9e between the 
heated within Llufa ^V" 1 — ^ when 
ribosome ^ si ( «~" Cle0t "- of the 

five hundred nucleotides JZTV ' wit hin about 

three hundred nucleo^tdTthTdTf 17 ^ " b ~ 
P-oter win have its most L"^^ *™*» the 

wbich wm^TTHtro"" t tyPlMlly ^ ChOSe " * * « 

in strong transcription of the segment, 
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oftentimes constitutively . A typical constitutive strong 
promoter is the 35S promoter of cauliflower mosaic virus. 
Other times, an inducible promoter will be desired. A 
typical inducible promoter is the lac promoter. In still 
5 other circumstances, a developmental^ regulated promoter 
will be preferred, such as the RUBPCase small subunit 
promoter of plants. A promoter which is functional in the 
ultimate target host will be desired, but occasionally a 
different promoter might be selected. 

10 a large assortment of vectors are available and may 

be appropriate depending upon the use intended. In the early 
research phase, some vectors, such as the pUC vectors or 
phage vectors, might be most appropriate due to their 
simplicity and efficiency in amplification of copies of the 

15 vector. In other stages, expression vectors (typically 

between about 1,000 and 5,000 nucleotides or more) may be 
preferred, which may be operably linked to strong promoters 
ensuring that the nucleic acid sequence will be expressed 
producing large quantities of polypeptide. 

20 For expression in E. coli . a vector containing the 

tryptophan promoter may be a preferred vector having a high 
expression level. Other similar promoters will be the p- 
galactosidase promoter or the promoter in phage A. 
Properties useful or important in selection of the promoter 

25 or the vector are addressed in Maniatis et al. Molecular 

cloning. A ^tarv Manual . Cold Spring Harbor Laboratoy 
(1982) , hereafter referred to as Maniatis. Plasmids or phage 
will typically be the preferred vectors for bacteria. 

One particular system which will allow high message 

30 level expression with particularly low levels of 

contaminating message is the T7 polymerase system. E. coli 
is co-transformed with a coding segment operably linked to a 
T7 promoter and with an inducible and rifampicin insensitive 
T7 polymerase. Upon induction of the polymerase in the 

35 presence of rifampicin, highly specific transcription of the 
intended sequence will result. 

For expression in eukaryotic cells, especially 
mammalian tissue culture cells, promoters such as the SV40 T 



35 
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antigen, thymidine kinase or fl-globin u 
Particular yeast probers, lill lZlT f Preferred * 

promoters include th. ' prefe "ed 

b 1Spl ,„ sphate carboxylase (MpCas a„"L nollT „. 
m Promoter fro. iasefcas^ jm^^J. n ° Pallne ™" 

The primary ultimate use of this 1m,..,*- . 
«e of the antifreeze polypeptides to J£ £7 " 

. CTE - HfT — • = — . 

ptSa^tjn rr- 2156 '- — ~ ^ * 

t -rmulatioJ ri^t^^ « 
expreeeio^n;^™:^ 

expressed i„ an anoro^ I *** tb * ti ° «*»n« that will be 
utilize, for" ^ r f " -ST" ^ —~ 
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Synthetic sequences can be synthesized by the 
phosphoramidite chemistry to make particular sections of the 
sequence (Beaucage and Carruthers, (1981) Ut^**?**' 
22-1859-1862) . Overlapping segments can be synthesized and 
5 then ligated together to produce a larger gene. 

Finally, by selecting particular sequences for the 
antifreeze segments, restriction enzyme cutting sites may be 
introduced which will provide convenient segments which may 
be easily linked together or inserted to generate tandem 
LO repeats, as will be obvious to one of ordinary skill in the 
art 

Purification of the antifreeze polypeptides will be 
by methods known to a person of ordinary skill in the art of 
protein purification. Standard purification techniques may 

15 be from either cell lysates or culture medium if the proteins 
are secreted. Typical methods are column chromatography, 
ammonium sulfate salt precipitations, antibody affinity 
column chromatography and others. With naturally °™ng 
polypeptides (e.g., produced in fish), a preferred method of 

20 purification is as described by DeVries et al. (1977) 

Acta 495:388-392, which is incorporated 

herein by reference. w e 
Preferably, the antifreeze polypeptides will be 
purified to substantial homogeneity, usually at least about 
25 70% to 80% pure, preferably about 90-95% pure, most 

preferably 99% or more pure. Typically, the polypeptides 
will be substantially free of contaminating, naturally 
associated (e.g., fish blood or insect cell) compounds. 

n^o fi* poivpppfririAs an( * Genes 
The polypeptides or genes encoding the polypeptides 
may be used in ways to suppress ice crystal growth. The 
polypeptide may be introduced in the protein form, or it may 
be introduced as a gene which is expressed endogenously at a 
level which should be attainable by expressing an antifreeze 
protein in the plant cell under the control of a suitable 
strong promoter to produce the polypeptide ( s) . Suitable 
concentrations of antifreeze polypeptides will vary depending 
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on the use, but win typical lv i, • 

one Part per biuion to 11 * " ?' ° £ f «» *bout 

about 0.01 to about 0.lZ /m l° flUldS ' ^ably between 

Polypeptides" wUlttTa °' lnVOTti ° n - «- 

Plant foodstuffs, eithL iL ^ " lntr °*»tion into 
conferring see degreTof " ^ PlMt Md «" us 

subfreesing cliaatic condaionT reSlStan0e to fee 
^ fruit or vegetable t^'JZ."^ " ^ as 

specifically to those pLS^^"!""* ^ 
«-*I«y Plant part, 0r9MS UP ° n free ^- 

P-ioies. pericarp, seed" 

forth. egetatxve tissue, tubers and so 

frozen veg^^f^ h!^ 6 ' US6fUl stora ^ life of 
C5> wj-J-i be improved 

Potatoes, asparagus, peas, c ™' h <>XM,Ple ' C6lery ' 
corn and S p inach . ' Deans - broccoli, 

sveet 

"orage life of fruits ,du^. J**""' "* — «-«ul 
strawberries, blueberries' rasj T^' '"^^ 
»— .rapes, U*.^?"""*' 
toaatoes and aangoes. Por g™ ^ ' PlMS ' 

..... Sapsalis and BecHms, f ^ °" f °° d SClen «- 
HBtliSi2Bal Ji2che M s£ I v John ™, £afia -^ DlStoLJ!1!!l 

and Jul (1 984) ae^nSlf^; Sprlngar - V «lag, New STorJc; 

IMs introduction intoVT y "*>»*>•. 

be »ost easiiy acccpiishld by LIT ^ Pr0dU " S ^ 
appropriate nucleic acids into T t Mroda ^ «* 
Session of the nuclei ^ ^t^T 0r9MUB - 
inducibly, before food procs!"? " °°- tlt *l»«I' or 
testing and processing ^ or a «« 

»igh levels of IZ^ZJZLT*' *° s "«ciently 

foodstuff, such as up Stot TulTT^ "** 
— • Session can also be on ' V Protai " by 

bB ° n a tlss ue specific basis. 
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ro r example, linkage to ripening gene, in fruits may result 
In expression even after harvesting fro the produce, plant 

The polypeptides .ay also be added into foods which 
are expected to be frozen. Hany frozen foods are 
be consumed in the cold state, for example, ice cream, frozen 
yogurt, ice milk, sherbet, popsicles. frozen whipped cream, 
frozen cream pies, frozen puddings and the like. In 
particular, tenure and flavor are adversely affected by the 
formation of large ice crystals throughout a 
a*U that occurs in most home frost-free freezers or upon 
Stained storage in the frozen state. This - crystal 
growth process may be prevented entirely, or at least 
minimized by the addition of antifreeze pdypeptides. The 
minimized y incorporated throughout the 

antifreeze agent may be eitner inw.y .„_«.-,. 
foodstuff, or may, alternatively, be applied to »»<^ 
where condensation and crystal formation is expected to occur 

M8t Mother important use is to transform dough yeast 
with nucleic acids encoding these proteins. Upon 
incorporation and expression of this gene into the yeast, and 
use 7t these yeast in frozen dough, the dough will naturally 
leaven upon thawing because the yeast viability ™ 
high upon thawing. Because less damage accumulates from 
storage in the presence of these antifreeze polypeptides and 
Sawed samples preserve high viability, either longer storage 
times result or much smaller aliquots are needed for storage. 

There are various embodiments not specific to the 
food area. One is the use of antifreeze proteins to protect 
plants from climatic freezing conditions. The *»" £ « ese 
protein or polypeptide may be either internally incorporated 
into the cytoplasm by expression of an introduced gene or 
the polypeptides may be externally applied to the plants. 
External application may be achieved either by direct 
application of the polypeptides to the plant, or by the 
eternal deposit onto the plant of an organism which secretes 
^ polypeptide. These same alternatives for introduction 
apply to other uses as well. 



WO 90/13571 

22 PCT/US90/02626 
antifreeze"^ ^ jBt ~*« «* » 

"e during transportation to a llli^ f W ° UW 

' « storage purposes ^ :L a f ' ranSPlaDtati ° n 

Peptide should allow short- or lo^ I " 
subfreezing temperature lon9 -term storage at a 

metabolism or a~rtT t T T * "a- 1 -**** Cerent 
cellular ^ge^ Wished 
^ortant tempera ture ^^JT^ ^ «*-^ 
« Wood produots, the™: agent?"' 
Moassay reagents and vacant *"»■' 

Yet another embodiment is i-h« ^ 4. „ 
antifreeze polypeptide into cells o ^ 1 " tr0aUCUon of « 
for frozen storage. For 121 I «-«-« 
cells, plant e .i? a and "0^^^ ^ 
containing the antifreeze proteil^! f ""^ 
tissue viability with minili oTno ill Tr" 4 ^ ^ 
characteristics due to th. / Cerent 
samples or cellular extracts TT""" """^ Sub cellular 
to freezing, especialTof T SlBilar ^"ivities 
e^Ples wui hHn "L P " ^ St ° raSe - ^al 
Preparations, and^a^i^? 'f^ 1 " 1 ™ enzyme 
sensitive membrane comment, sue! T* 
Mitochondrial membrane p««rati <* l °»Plast or 

containing organelles may displav"!^ ^ Partlcular - temples 
feezing damage upon ad Jtion of » 4 reSista "ce to 

Polypeptides. SO ft „i!£T "tifreeze 

upon freezing in the^^" tt^i^ — 
and addition of the oolvno^.^ subject polypeptides, 

"hen cellular i^^llZ- 

is important or JLl^^* thawing 

Thus, samples destined for frozt " *■«■*.. 

or tissue depositories TijT ^ EUCh as *>r cell 

— to them, ^g ^ Ju"™ " 

variants o, bacteria, fungi a^ * « 

Particularly, ^ JZ%£%?" ™*> > 

strains and tissue culture^uT^ " 
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Antifreeze fusion polypeptides of the present 
invention may be targeted to a partioalar cellular 
Zlent or to extraocular spaoe, to a particular cell 
or to particular cell types, all in accordance with well 
, known procedures. By attachment of polypeptide segments 
which specify or determine targeting to cellular 
compartments, the antifreeze segments may « ' 

particular cellular organelle. Not only will the peptide be 
ejected to the organelle, but the antifreeze function may 
l0 remain functional even when surrounded by other polypeptide 
l ° segTnts. By fusion to antibodies or other 

ceU specificity in binding, the resistance to cellular 
damage upon freezing can be conferred to those cell types. 
This technique will also find use in organs. 
,« Also included in the invention are compositions and 

uses based on the mixture of antifreeze polypeptides with 
stabilizers well known to those skilled in the art and other 
adfitives. These compounds may be present to inhibit decay, 
t^bit oxidation, prevent discoloration, inhibit microbial 
20 growth, stabilize emulsions and so forth. 
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11 ^ natural or synthetic nucleic fragments coding 

for the antifreeze polypeptide will be ™° ra ^ a " 
nucleic acid constructs capable of introduction to and/or 
exoression in tie ultimate target expressing ceil. Usually, 
expression in suitable for replication 

the nucleic acid constructs win ■» 

in a unicellular or multicellular host, such as yeast or 
bacteria, but may also be intended for introduction and 
intention within the genome of cultured mammalian or other 
.Myotic cell lines, in particular, Plants. Nucleic acid 
constructs prepared for introduction into ^^J^ 
will include a replication system recognized by the host, the 
nucleic acid fragment encoding the desired antifreeze 
polypeptide product, transcriptional and translation.!^ 
initiation regulatory sequences joined to the 5-end of the 
antifreeze polypeptide encoding nucleic acid -*»"^«* 
transcriptional and translational termination regulatory 
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sequences joined to tl>e 3. -e„ d of t.. 
transcriptional regulatory s^ZZMT^ ** 
heterologous promoter which lTT lnClMe a 

conveniently, available^" °' n " ed «>* "ost. 
' "plication system and tra^riol" T™* WUeh inClUde «» 
regulatory sequences tog^^ ^ ^""ona! 
antifreese polypeptide ^n, s " Slt ° «* the 

■» Sane „ m inSd! r~ ^ MPl ° yed - 
which contains , coding "» a=id segment 

~ly, the gene wuf S^V*" ^ypeptide. 
upstream and downstream assess ' PlM «» 

any enhancer, promoter, ribo.™! ^ .*•*»>=". Particularly 
Ascription initiation Ce^ « 
al» be important for mess^T,' D °™ strea " segments may 
« thus are also -.t^^^r"' 1 *"- - Posing, 
Constructs may additional """^ Stance. 

Peptide partners (e g "" ° 0nt ; in DHi e "«^ "ahili 2ing 
transformation). en ° 04in9 kinase f„ r plant ' 

— *or :„:trr ?enes int ° — « — « 

introducing the Polypes ^toT' 96nera " y 
^ end product of the tea*!/ SM * le ° E Merest. 

P^uct of this indict Z^TT U alS ° - the 

vxll include the actual ce^tr, . " trMsf °™ed =ell» 
«>« cell. ^ tte tmoa T«s^ T' ^ Pr °'^ °* 
contain cells, each ol whicTwiu^f 1 " 81 

transformation Procedures e^t ° 9e " e - 

«»gi (Sherman et ,1. , *« bao teria (aaniaiis,, 

; is '^SSi7; ! ^^' (van den «— -t ai. 

5 s * gaunn or P n m apjjaea 
™e present invention ,1 
~n g or isolating J^Lr^ ** 
the lce crystal growth euppresslo^ ! ! . WlU 
~ch polypeptides typical^"™ ^ Di — ing 

Preferably, ^ J^*^ •» accurate »d, 

»eans for assaying the activity. 
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The method of choice is a "splat assay" modified 
from Knight et al. (1988) cr^obiplpc*, 25:55-60, which is 
incorporated herein by reference. Recrystallization involves 
the growth of some crystals at the expense of others. 

5 Typically, growth is in the form of long thin spicules, (see 
Devries (1983) -Antifreeze peptides and Glycopeptides in 
cold-water Fish" in Mm ^ Physiol,. 45:245-260, rig. 1) 
which can pierce and destroy sensitive lipid membranes The 
splat assay is comprised of dropping a small droplet of a 

10 solution of the polypeptide in an appropriate buffer onto a 
cooled plate. The droplet "splats" onto the plate surface, 
freezes rapidly forming many small crystals and the 
recrystallization process is monitored visually after an 
appropriate time interval. Samples containing the antifreeze 

15 polypeptide exhibit a much decreased crystal size. 

Synthetic homologous polypeptides, such as those of 
the formula detailed above, may be readily assayed to 
determine what particular characteristics or sequences will 
be most effective. Alternatively, since the segments 

20 themselves are encoded in easily manipulated synthetic 

nucleic acid segments, insertions, deletions or substitutions 
into existing sequences are readily prepared, expressed and 

assayed. t . 

in another embodiment of the present invention, 

25 antibodies against epitopes contained in the antifreeze 
segments may be raised to search for similar polypeptide 
sequences in other naturally occurring proteins. Besides 
arctic or cold water fishes, insects or other organisms which 
are naturally exposed to subfreezing temperatures may be 

30 scrutinized for content of proteins possessing antifreeze 
properties. Alternatively, the genes or nucleic acids 
encoding known segments can be used to select homologous 
nucleic acid segments, a somewhat preferred method because 
expression is unnecessary. An antibody screen will be 

35 dependent on polypeptide expression, which may be 
developmental^ or conditionally dependent. 

Another method for selecting new polypeptides is to 
mutagenize known segments and assay the resultant product. 
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- c^e ^ - - - ^ ^ f _- 

sensitive to the freezina h ° Se cells le ast 

EXPERIMENTAL 

electrophoresis of dha m, , Wrttamide gel 
Wots, northern hlo* afUr ZTT ««- ^them 

*o»aldehyde-agarose gel ^Sti °* ° n * 

transformation were cLrleT!, I baot «i« 
^nUtis et al. ( ed. ^^1"^ 



referred to as Manlatls and herein TJ ^eafter 
«-U« procedures are a^^^™- " tet ^ 

following abbreviations *r> a , „ (1989) * Th e 
Polypeptide encoding ^"af 

Polypeptide, saf , hlaTal ^ WC a »tifree 2 e 
-Prececal .^T^^C". 

"-Position of saf 3 through T' **■ «- 

Si,es of nucleic acids « \itl in Fig. 

*"ohase pairs where do^™*' *** ^ * 

saf 3 Betalactamase fusion protein. 

Two DMA sequences of Yll^T^ mS -*^ 
"ere synthesis chemically ana ^ res P«*ively 

«- ^-strandedt^cu^^ t °- H ~ * ~ 
"* M °"9o l ( S ee Pio . s , ^ .„ ""A 'taggered ends 

shown 

the Xtei ,nd PstI si J s " 1 — <=loned between 

PLVC74. SS ° f Ve ° t0r " DC «<> to yield pUsmid 
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Two DNA sequences each of 49 bases were synthesized 
chemically and annealed together to produce the double- 
on c» . ,„.!,,„ „ith staaaered ends shown as DS 
stranded oligonucleotide witn stagger 

T,l 2 (see Fig. 6) . DS oligo 2 was cloned between the Kpnl 
, an Vtl sites of victor pOCUS to yield plasmid pL vC73 . 
5 M "xas»id PLVC73 was treated with restriction enzyme 

sad! to release the double-stranded oU*«*-»«£ 
staggered ends shown as DS oligo 3 (see Pig. 6). DS oligo 
2 cloned into the Sadl site of plasmid P LVC74 and the 
10 orogeny were screened by sequencing to yield plasmid P LVC82. 
In wnlch DS oligo 3 was shown to be inserted in the sense 

dire0ti0n ' Ihe saoII fragment in P LVC82 was reduplicated in 
direct orientation as described in this paragraph. The 

15 of reduplicating restriction fragments is descried 

In Green et al. (1988) nm o.n. <■»■*. ■ 215 = 165-172. Th e 
1 of plasmid PLVC82 was extracted from the *e= + ». saU K12 
strain SK1592 (Warren s Green, (1985) J. ^WWU , 
Si! 103-1111), subjected to agarose gel 

20 L band corresponding to plasmid dimers was excised and its 
BHA recovered, this dimeric pLVC82 was amplified by 
transformation into the rec»- £• sali K12 strain JC 0291 
(Willis et al. (1981) HQI <m. l«:497-504). 
(Willis ei , -.rtiallv bv SacII and subjected 

Dimeric pLVC82 was digested partially oy »a 

25 to agarose gel electrophoresis; bands corresponding to 

^proximately half the plasmid dimer were excised and their 
DNA recovered, the fragments of recovered DKA were 
reoircularized by ligas. treatment and transformed into 

strain „ £ ^ sacII Iragme nt-reduplication 

30 were screed by resliction analysis to find plasmid P X.VC83 
Twhich two copies of DS oligo 3 are present in tandem. The 
antifreeze-encoding sequence, in PI.VC83 are Known as gene 

saf 3 . 

" B r - m t~^™ °« thr IT "- bl " 

Plasmid PLVC83 was treated with restriction enzyme 
PstI to release an approx. 0.1 *b P DBA fragment containing 
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saf3 sequences. This -short r 

it. at P us» ld PBR322 .(uu^TT. T cloneti int ° *>» 

« ^ progeny Bere ' * • ; ^ 50:3 . 40) 

Plasma PLVC84 , to vbich y " a " alySls to 

inserted into pB s3 22 ln tte ** P fra 9»ent was shown to be 

inserts satt into „ J^V"*"?* 1 direCtl °»- *»i* 
(Betalactaaase- encodi n f P ° Sltl ° n ln 
-ding £rane £ rS^l 0f « Stains the 

»<> i"to the dovnstrea* ^ ^ « «• thro« gh sa„ 

PBR3 22 (to provide nonfused^, ' «~ fUSlon > « 
control, Bere transfoJ^Trr 886 *" 3 «"•»""■ 
*>" resultant bacterial strat- * *" Strain 

"«th (») to a„ z%::i\i? m at "-° iB ^ 

approx. u, harvested by ce^rL . "* ( °- D -«°°> ° f 

^ an SS3 < Sor vaU rotoT »dT 7 ** " " ">°° 

« EKPV30 mB Tris-Hcl p H t o 1 son i«tio„ in 10 

extracts were tested in paraUei , """"^ CrUda 
-ay for recrystaUi^tL ; L^L^ **<™<*** 
example 3 (Knlght at "ed ln detail under 

crystals crew to an average dlL^^' 25!S5 - 6 °' • *ce 
neater i„ the negative clntl, five " f0 W 
containing the ^l^TlTX^ *° ** SMpl « 
«*ract containing the Lt^J * " -»"» that the 

P»t.i» inhibited Z^^ 0 ^"^ 
negative control did not. ^ talllratl ™' whereas the 

attached ^^j^ ' ~- 
carboxy-ter^ini can Levitt " T «* 

inhibit "crystallisation. 

EXAMPLE 2* Tnh^^. 

A-Sa« fusion protein^ "°^ ta . 1UMtlon * a Protein 
Protein. Plication of said fusion 
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A. n^^lon ^vnthetir mti freeze gene saf 5. 

Plasmid P LVC83 was treated with restriction enzymes 
EcoRI and HindHI to release an approximately 0.1 kbp DNA 
fragment containing saf3. This fragment was cloned between 
5 the EcoRI and HindHI sites of P UC119 to yield plasmid pGMMl. 
An internal SacII fragment of pGMMl was reduplicated as 
described in example l. The products of this manipulation 
were screened by restriction analysis to find plasmid P LVC85, 
in which three copies of DS oligo 3 are present in tandem. 

10 The synthetic sequences in PLVC85 are known as gene saf 4. An 
internal SacII fragment of pLVC85 was reduplicated as 
described in example 1. The products of this manipulation 
were screened by restriction analysis to find plasmid P LVC86, 
in which four copies of DS oligo 3 are present in tandem. 

15 The antifreeze-encoding sequences in pLVC86 are known as gene 
saf 5. 

B. rnnstructinn nf. the F pa-safg oene. fusion. 
Plasmids pLVC86 (containing saf5) and pRIT5 

(containing the spa gene) (Nilsson et al. (1985) EMBO J. , 
4:1075-1080) were both digested with restriction enzymes Xmal 
and Pvul and fragments of approx. size 1.6 kbp and 2.3 kbp 
were isolated from the respective digests. The isolated 
fragments were ligated together to yield plasmid pRLM105. 
This places saf5 downstream from the spa (Staphylococcal 
Protein A-encoding) gene and maintains the reading frame from 
the spa gene through saf 5. 

C. TV 0 ff.rt o f p™tein ft-SnfS fusion protein on the 
30 yecrvsta 1, 1ization of ice. 

Plasmids P RLM105 (carrying the gene fusion) and 
pRIT5 (to provide nonfused Protein A for a negative control) 
were transformed into E. coli K12 strain SK1592. Crude 
extracts from the resultant strains were obtained as in 
35 example 1 and tested for recrystallization as in example 3. 

ice crystals grew to an average diameter more than five-fold 
greater in the negative controls compared to the samples 
containing the fusion protein. Thus it was shown that the 
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l^t°t r taining **" Pr ° tein A ~ Saf5 protein 

h - J hiS dea ° nstrated tha * a peptide antifreeze 
attached by its amino-terminus to a tarmi u ™ e2e 
Doim-nf^ ™mus to a foreign heterologous 

polypeptide can nevertheless function to inhibit 
recrystallization. 

was culturea af^iT^ ™ 0arryln9 ««« 
at J7 c ln 100 ml Luria broth trn\ • . 

^iciUin unti! it reached an oT ~ °- taau »» 50 

Cells were pelleted by 5 -In. centrist J'" \ ^ 
15 an qc-^A ^4. cen trifugation at 3000 rum in 

"* r ° t0r ' and «=«P^ed in 10 B1 30 ln 
Ml subsequent operations were performed at o- - , .f £ 
* second eentrifugation as before ™n= r 

- »i o, 20% M/v sucrose/30 r^: i pnT/Trr in 

«3/»l lysosyae in 0.1 M EDTA pH 7.3 was added ™ 1 
20 were then held on ice Fov The 1=6113 

ej.a on ice for 30 man. and subseouentlv 

centrifuges for 15 „in. at u,soo rj, i„ an^! L 
supernatant was talcen and the fusion ^ 
from <#■ k„ w fusion protein was purified 

from it by chromatography on IgG-Sepharose. 

successively passing 4 »1 each of (i> 0 5 H . • 

»•«. Ui, TST, and (iii, 0.5 „ ^tic AcL pnT 4 f PH 

were stored by absorb^ £ TTL*^ 

microcentrifuge £LT « reT T"" 81 0 01 ™ 1 - 

Tris-Hd ph . „ tTT' t ^Ti reSU81,endet, in 10 * «V30 « 
P to a final concentration of 0.44 mg/ml . 
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solution of purified fusion protein was stored at 4'C. This 
preparation of fusion protein was substantially pure as shown 
by polyacrylamide gel electrophoresis in the presence of SDS 
(SDS-PAGE) with subsequent visualization of protein by 
5 staining with Coomassie Brilliant Blue. 

EXAMPLE 3: inhibition of recrystallization by purified 
Protein A-Saf5 fusion protein in water, in popsicle 
mixture, and in an A&W frozen root beer float mixture. 
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A. Tr.t^Mfcioi water. 

The splat assay consists of: 10 Ml of the purified 
Protein A-Saf5 fusion protein (made in example 2D) was added 
to 90 nl of water and was maintained on ice until used. As a 
control, 10 Ml of a Protein A solution (0.5 mg/ml, in 20 mM 
Tris-HCl, pH 8.0) was added to 90 Ml of water and also 
maintained on ice until use. A 10 M l droplet of the aqueous 
sample containing the fusion protein or a 10 M l droplet 
containing Protein A as the control were released from a 
height of 3.0 m and allowed to impact upon a polished 
aluminum plate that was resting upon a block of dry ice 
(about -75 -C). As the droplet comes in contact with the 
surface of the cold metal, it instantly freezes and forms a 
"splat" approximately 10 mm in diameter and 50 m* thick with 
a composition of very small ice crystals. The splat was then 
transferred with a cold carbon steel surgical blade (B-P #10) 
to a glass cryostage mounted on a dissecting microscope. 

Photography of recrystallization: In all cases, 
the sample containing the Protein A-Saf5 fusion protein was 
splatted first, followed shortly thereafter (within one 
minute) by the control sample. The splats were then 
transferred and positioned next to each other on the glass 
cryostage. The cryostage was connected to a circulating 
water bath containing 70% ethanol (Neslab exacal model 
EX-300) which in turn was connected to a flow-through cooler 
(Neslab model EN-350) . The temperature at the point where 
the splats came in contact with the glass was maintained 
between -6* to -8'C. The glass cryostage was positioned on 
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the microscope (Zeiss -model 47 50 521 

> white film. 1 * "■»*»-»«« ASA 400 black and 

fusion protein and «,„ „ ! <=°«tain lng the Protein A- Saf5 

A appeared C^LSL™ "T" r ntainlng ^ 
of very small ice c™L^ * ""^ 3 Unlf ° rm flel<i 

theeeln^LTfoTat la'ast™ h^ 7" -» 
at intervals .der -^-^.^^"STrr 
a low magnification (12X) ef ^ ^ =hows 

freezing and transfer (5 min I Th» .. 
contains the ,usion pjjn "Lure" at' "oZ"" VT> 
concentration of 0.1 mg /Bl " * t0tal protein 

contains Protein A alone ll SPl " ° n ^ left 

The nest threTslid- h " — «* 0.1 mg/ml. 

^taxu^r^re: -r^r <2ox ; ° £ 

control showTa dtin e 'ZTTS ^ ~ * 
crystals while the sample conta^W ~ °* 1Ce 

fusion protein loofced much " ^'J *-*af5 
observed. Photographs were^su^ " "* 

average crystal liameteTL ^ V™^* *° detemlne 
assays, .he crystaTiTth" ^roTe^T ^ 
over tia. and after an hour he^I at "° 
original diameter while the splat ™* - thelr 
sa« fusion ^ no siffns e ^^tZl^^ & - 
looked much the same as when it wIslirlTT ' ftCt ' 

negative control became at least s I ln toe 

tn. experimental sa.ple. ^^.^ *» 
substantially pure fusion • m ° nstrated a 

-ety can iLLt ^"^7^^- 
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B. Tnhibitiop -i" * oonBiclft mixture. 

All experimental conditions were the same as 
described for example 3 A above except that in place of water, 
the Protein A-Saf5 fusion protein was added to a thawed 
sample from a popsicle. The sample was an Eskimo (trademark) 
brand TwinPop (Banana flavored) . The ingredients were as 
follows: Water, sugar, corn sweetener, citric acid, cellulose 
gum, guar gum, carrageenan, artificial flavors, vitamin C, 
artificial color, and FD&C yellow #5. This product is 
distributed by Tomorrow Products, Inc., Los Angeles, CA. As 
a control in this experiment, 10 M l of buffer (20 mM Tris- 
HC1, pH 8.0) was added to the thawed sample in place of 10 /il 
of the Saf5 fusion protein in the same buffer. . 

The procedure was to thaw a piece of the 
15 confectionery at room temperature, withdraw a small volume, 

add the SAF fusion protein (or buffer for the control) , splat 
10 Ml samples and photograph recrystallization over time. 
The additions accounted for 5% of the total volume and the 
final concentration of the SAF fusion protein mixture was 0.1 
20 mg/ml. The first photographs were taken within 5 minutes 
after splatting and the remaining pictures show 
recrystallization at 15 min. , 30 min. and one hour. All 
samples were photographed at the same magnification (20X) . 

Following splatting and transfer of the samples to 
25 the cryostage, they looked very similar in ice crystal size. 
After an hour of being maintained between -6* to -8°C, it 
became apparent that the sample to which only buffer had been 
added was recrystallizing because the average size of the 
crystals was noticeably larger, whereas the sample to which 
30 the Protein A-Saf5 fusion protein had been added did not show 
any significant crystal growth (see Fig. 7B) . This 
demonstrated that a fusion protein containing an antifreeze 
moiety can inhibit recrystallization in a commercially 
available frozen food mixture. 



35 



C. jnMbition <B an A&W * m««n root beer float mixture. 

All experimental conditions were the same as 
described for example 3A except that in place of water, the 
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Protein A-Saf5 fusion -protein was added to a tw „ 
fro* a frozen ASW (trader, Hoot Beer Float Bar T** 
sample was a composite of a r ao <- k The 

9-. caramel color, artificia! J M Sa ' f, ^ ^ 
benzoate. n, a DrQ( ,„,*. „ natural flavors and sodium 

Tna product was manufactured bv Kerne- «■„ 
(Plant #29 - 409) , 2840 Ga ciL " A 

control. io « of buffer (20 mm Tris^ci i^, 3 
to the thawed sampie i„ pUce of lo "l o f Z i ™ 
fusion protein in the same buffer ^ A " SafS 

confection. 1 : irr^^T^ "* 
add the » fu sion proteln P ( T^Z^ZV T V ° lMe ' 
10 ,1 samples and photograph recr^ailH a^o ^ 
additions accounted for 5% of i*T!T, mr tine - =» 

^rr-^- r L " :£=.- ir- 

recrystallazation at 15 min.- 30 

samples were photographed * J < "" ^ AU 

p cographed at the same magnification f 2 0X) 

^iiar Jt:::?:::: ::rr aiysis ~ « 

a definite " c^rr^ T ^ SPUt 
hour while the sample^nlf ■ ^ after » 

Protein showed verf lit^T" 9 **" *- Sa « «-!» 

P~iod of time ( se^ £ ^ " ST ^ °~ — 
^ion protein containing Z' * 
"crystallization in . JL free2e * olet y =an inhibit 

containing frozen aVaUaWe *- — - 
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EXAMPLE 4: Inhibition of recrystallization by a Protein 
A-Saf6 fusion protein. 



A. construction of the synthetic antifreeze gene saf6. 
5 Two DNA sequences each of 19 bases were synthesized 

chemically and annealed together to produce the double- 
stranded oligonucleotide with staggered ends shown as DS 
oligo 4 (see Fig. 6) . Plasmid pGMMl was treated with 
restriction enzymes Aatll and Xmal and the 0.47 kbp fragment 

10 of released DNA was separated and purified. In a separate 
reaction, plasmid pGMMl was also treated separately with 
restriction enzymes Aatll and Nhel and the 2.7 kbp fragment 
of released DNA was separated and purified. These 0.47 kbp 
and 2.7 kbp fragments were ligated together with DS oligo 4 

15 to yield plasmid pGJ151. This manipulation has the effect of 
substituting the sequences of DS oligo 4 into the saf3 gene 
present in pGMMl. The antifreeze-encoding sequences in 
pGJ151 are known as gene saf6. 

20 B. Construction of the spa-saf6 ge ne fusion. 

The spa gene-containing plasmid pRLMlOl was used as 
a vector for saf6. pRLMlOl contains the spa gene derived 
from pRIT5. The construction of pRLMlOl is described in this 
paragraph. Plasmid pGMMl was treated with restriction 

25 enzymes Xmal and Pvul and the 1.75 kbp fragment of released 
DNA was separated and purified. Plasmid pRIT5 was also 
treated with Xmal and Pvul and the 2.3 kbp fragment was 
purified. The purified 1.75 and 2.3 kbp fragments were 
ligated together to yield plasmid pGMM2. Plasmid pGMM2 was 

30 digested by PstI and the 4.2 kbp fragment of released DNA was 
purified and treated with T4 DNA ligase to yield plasmid 
pRLMlOl. 

Plasmids pRLMlOl and pGJ151 were each treated with 
restriction enzymes Ncol and Pvul and fragments of approx. 
35 size 2.3 kbp and 1.8 kbp were isolated from the respective 
digests. The isolated fragments were ligated together to 
yield plasmid pLVC94. This places saf6 downstream from the 
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spa gene and maintains the readino * 

through safe. 9 troB s P a 9«» 



Plasmid pLVC94 was transformed into E ™,i „, 
strain JC lo 29 i carrying plasmid P LVC94 and LI' " 
strain carrying p LVC „ was cultured £ ZVZ TZtZ 
untu an O.D. M0 of 1.30 was reached, cells we™ k 
centrifugation at 6 oco*g for 5 min. anHeU IractT * 
prepared by sonication in 0 5 .1 „o ,„ tracts were 

hci PS e.o at 4-c ZJ f .° ° * EDTA ' 30 * Tri *- 
P»tein preset in thTc^LT *™ ^ 

water was measured as describe Z TZ l^Zt'^ *" 
Betalactamase fusion protein in exam^! ^ aCtMase " Sa «- 
was less than in the negative con™ ^T^ 1 ^ 

control became at Xeast three-folHreateTSan "W" 
Protein A-saf6 sample m. . greater than m the 

by its am^o-terminus'to™ or^tsT ^ 
can function to inhibit J^ZZZZZ^ 

Example 5: Inhibition of recrvstal .. 

A-Safa fusion protein. reCryStaUlMtl °» * a Protein 

*• ^Nnftt.^ .^ 

were e^T.^^ .L^- *~ 

the double-stranded oligonlc"* d"* 

as DS oligo 5 fsee Fir* «t» ™ staggered ends shown 

restriction JZ^L ^TlTT *~ 
fragment of released a* was aPPr °*- °- 9 "» 

PGHH1 was treated with rel^- ! "* Purified. Plasmid 

- «. ... To?:: izz™™ 11 - Hta «" 

Purified. These o. 9 kbp and I TZ T "* 

together with DS oligo 5 TZL^ ° li9atad 

igo s to yield plasmid pGMM3. Thls 
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manipulation has the effect of substituting the sequences of 
DS oligo 5 into the saf6 gene present in pGJ151. The 
antifreeze-coding sequences in pGMM3 are known as gene saf8. 



B. construct i nr> of th«=* «pa-saf8 gene fusion. 

Plasmids pRLMlOl and pGMM3 were each treated with 
restriction enzymes Ncol and Pvul and fragments of approx. 
size 2.3 kbp and 1.8 kbp were isolated from the respective 
10 digests. The isolated fragments were ligated together to 

yield plasmid pLVC95. This places saf8 downstream from the 
spa gene and maintains the reading frame from the spa gene 
through saf8. 



15 



20 



C. The effect of the Protein A-Sa fft fusion protein on the 

nrvstalli ^t^"" of lce - 

Plasmid pLVC95 was transferred into £. coli K12 strain 
JC10291 and the derivative strain carrying plasmid pLVC95 was 
cultured in LB at 37 *C until reaching an O.D. 6O0 of 1.3. 
Cells were harvested by centrifugation at 6000xg for 5 min. 
and cell extracts were prepared by sonication in 0.5 ml of 10 
mM EDTA, 30 mM Tris-HCl pH 8.0 at 4'C. The effect of the 
Protein A-Saf8 fusion protein present in the cell extracts on 
recrystallization in water was measured as was done for 
25 Betalactamase-Saf3-Betalactamase fusion protein in example 1. 
The result was that recrystallization was at least six-fold 
less than in the negative control. This demonstrated that 
Saf8 attached by its amino-terminus to a foreign polypeptide 
can function to inhibit recrystallization. 



30 



EXAMPLE 6: Purification of two Protein A-SaflO fusion 
proteins, inhibition of ice recrystallization by said 
purified fusion proteins in water, cleavage of one 
purified fusion protein by CNBr, and activity of naked 
35 SaflO released by said CNBr cleavage. 
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Two DNA sequences of 27 and 33 h« a , 

were synthesized chemically and J n I res P e °tively 
the double-stranded^! annealed together to produce 

■ as ds J^T^rTT 1 ^ with staggered — 

friction enU^^nd":™ 
xnco ffl plete digestion; DNA fragments of ^ h 
were separated and purified t„ . 81 bp 

PCMM3 was also treated w^ [' JLl^T^ rBaCti ° n ' 
Sacn and the app rox . 3 **** 
separated and Z^'^V^,?^ "* ~ 
were ligated together with DS «n * P fragments 

sequences of DS oligo « i» to the saf 8 oJ. 

The antifree,.-coding sequences" in ""^ ^ 

situ. equences in poos are as gane 

cons^L^^™™' « was 

was cut with Pvuxx a^he aT;r f ra5raPh - ^ 

Unfcer to yield Pit. a pS P 53 «alT U9atea t0 3 
separately cut with EcoPl and £^ »dT ? " ~ 
fragment of released DNA was lllT^i '* ** 

to yield piasmid pojj, n asmlT ™ ° S ° ligo7 

«"y»es Bgm ana^Itrr' ! P 153 te « ta « 
isolated. Plaa^d^ 1 ° f 2 ' 1 «* «as 

PMT2T Hilsson £ ' °* *** ras elated. ^1^ 
with en^s ^ ^ — "as treated 

isolated. These 2 1 fragment of 0.9 kbp was 

lifted toge^ t ] ' ^ *»■-*■ »ere 

together to yield piasmid pGMMS. 

treated with „M£ ~ ^ ^ ~ 

ligated together to yielfL .f* " 3 " P "ere 

downstream from ^e La PG *' H9 ' plaoil >* 

from the spa gene, maintaining the reading frame 
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" from the spa gene through saflO, and placing a methionine 
codon at the spa-saflO junction. 

To examine the effect of a different, longer 
linkage between Protein A and SaflO, a sequence encoding the 
5 longer linkage was attached to the upstream end of saflO to 
yield plasmid pGMM7 , and the combined sequence was then 
transferred to the spa gene-containing plasmid pGMMS, as 
follows. Plasmid pGMMS was treated with EcoRI and Nhel, and 
a fragment of approx. 3.2 kbp was purified. Two DNA 

10 sequences each of 34 bases were synthesized chemically and 
annealed together to produce the double-stranded 
oligonucleotide with staggered ends shown as DS oligo 8 (Fig. 
6). DS oligo 8 was ligated together with the 3.2 kbp 
fragment to yield plasmid pGMM7. Plasmid pGMM7 was treated 

15 with EcoRI and BamHI and the released DNA fragment of approx. 
0.15 kbp was purified; plasmid pGMM8 was treated with EcoRI 
and BamHI and the released DNA fragment of approx. 3.8 kbp 
was purified. The 0.15 and 3.8 kbp fragments were ligated 
together to yield plasmid pGMMlO. Plasmid pGMMlO contains a 

20 spa-saflO gene fusion equivalent to that in pGMM9 except that 
the peptide linkage-encoding region supplied by DS oligo 8 xs 
present as the junction between the spa and saflO moieties. 

C. D.n-<ti«.H fl n " f Protein A-SaflO fusion protein. 

25 Derivatives of fi. coli K12 strain N4830 carrying 

plasmids pGMM9 and pGMMlO respectively were cultured in LB at 
28-C until reaching an O.D. 600 of 1.1. Expression of the spa- 
saflO gene fusions was induced by shifting cultures to 42'C 
for 90 min. Extracts were obtained as follows: The cell 

30 cultures were cooled in ice water and then were pelleted by 

centrifugation for 10 min. at 2600xg. Pellets were frozen in 
liquid nitrogen and stored for future usage. Pellets derived 
from 100 ml cell cultures were resuspended in 6 ml of 100 mM 
Tris-HCl pH 8.0 containing 500 mM sucrose, 60 Ml 40 mM 

35 leupeptin and 400 M l of 100 mM PMSF. To this suspension 120 

Hi lysozyme of 10 mg/ml were added, mixed briefly and then 6 
ml of cold distilled water were added. After incubation at 
4C for 25 min., 25 nl of DNAse I at 10 mg/ml were added and 
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r: f n r- at ---- - z~ „ 

» supernatant c^L j! ^ f * SDS ^- The 
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-Pacer se,uen=el ^T^^"""* ° Srtai " 

between Saflo and a f oreZ T ""^ at tte ^«io„ 
a a f °rexgn polypeptide. 

35 p « , 

Releago Of n?^?^ ft rrHfY 



PCT/US90/02626 

WO 90/13571 41 

16 hours at 24 'C in the presence of 3.6 /xM cyanogen bromide 
(CNBr) in 0.1 M HC1. The products of the incubation were 
analyzed by SDS-PAGE and staining by Coomassie Brilliant Blue 
in parallel with an untreated sample of the purified Protein 

> A-SaflO fusion protein. This showed that treatment by CNBr 
resulted in a reduction of concentration of the original 
protein and the appearance of several proteins smaller than 
the original protein but larger than 10 kDa. The largest and 
predominant among these new proteins was one whose size 

) indicated cleavage of the fusion protein at approximately the 
junction of its Protein A and SaflO components. Band 
densities indicated that approximately 80% release of naked 
antifreeze had occurred, and that cleavage at other sites was 
less than 50%. On this basis the naked antifreeze was 

5 expected to constitute more than 75% of the peptides smaller 
than 10 kDa but not visible after SDS-PAGE. The protein 
mixture resulting from CNBr treatment was tested in the 
recrystallization-inhibition assay described in example 3 (A) 
and was found to retain undiminished ability to retard 

3 recrystallization (compared to the untreated fusion protein) . 
The mixture was passed through a molecular filter with a 
cutoff of 10 kDa. and the filtrate was taken. This 10 kDa. 
filtrate was expected to contain the "naked" or "free" 
antifreeze polypeptide (i.e., a polypeptide containing only 

5 the indicated polypeptide segments of the SAF) which the CNBr 
treatment was expected to have generated, but not the 
residual intact fusion protein or any of the smaller proteins 
visualized by SDS-PAGE. The 10 kDa. filtrate was 
concentrated by passing it through a molecular filter with a 

0 cutoff of 3 kDa. and recovering the retentate. The resulting 
concentrate of the 10 kDa. filtrate was tested for 
recrystallization inhibiting activity as before. It was 
observed to retard recrystallization: the crystals of the 
negative control rapidly exceeded ten times the average 

5 diameter of those in the experimental sample. This 

demonstrated that a "naked" or "free" antifreeze can be 
released from a fusion protein, separated from certain other 
products of the cleavage reaction that produces it while 
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still retaining its recrystallUation-inhibiting properties 
As evinced by the visualization of the cleavale 171 , T 

E«HPLE 7: Reconstruction experiments with purified 
tt™ A " Saf5 fUSi0 " Pr ° tein ^ ^ Pl-t 

recrystall^^" *° dem0nStrate «*■* inhibition of 
recrystallxzatron can occur in plant tissue and that there 

inLbT t T° nentS ° f **" PlMt " U «** «- tT 
inhibit the activity of the antifreeze protein 

reconstruction experiments were carried out where known 

~ ::t^r:xt~ r ei : 

extras „ extracts from plant tissue. The 

extracts were made by freezing a small fca a n • / 

s. poZr w!: cl* po t * a °°° ied mortar - 

tube»d mix^d b^o^iTf « » 3 ° apPed 
-traction buffer Z^LT« 7 TT * ^ ° f 

Bec^an w ^^^^^ - ■ 

4.1. y xne clear supernatant was t-*ir^ 

the protein concentration determined usin^ " T 

kit from Bio-Rad. * P rot ein assay 

showed an increase in the dlL/ V native control) 
at least five times gre^ Z" T* 
containing the Pr*£?Z£Z " SanpU 
«■ experiment *J^£ZZZL " 
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when the Protein A-Sa£5 fusion protein represented 0.1% of 
the total protein by mass. 

EXAMPLE 8: Plant transformation with saflO 

5 

A. retraction nf nlasmids for expression of antifreeze 
proteins in transge nic plants. 

In order to obtain expression of the antifreeze 
protein in plants, the antifreeze gene saflO (described in 

10 example 6A) was cloned into plasmids which were suitable for 
plant transformation by the method of co-cultivation with 
a ^obacterium tumef aciens . The vectors were constructed in 
such a way that the antifreeze gene would be expressed in 
plants under the control of the 35S promoter which is derived 

15 from the cauliflower mosaic virus and which is known to give 
high levels of expression of foreign genes in plant cells. 
Additional features of these vectors were the possession of a 
leader sequence derived from the petunia Cab22L gene, which 
is known to further enhance expression in plants, and a 3' 

20 polyadenylation sequence derived from the Agrobacterium 

tuiriefaciens nopaline synthase gene, which is known to permit 
efficient post-transcriptional processing of messenger RNAs 
of which it is a part. In addition, some of the vectors 
contained DNA sequences derived from bacterial or plant genes 

25 for secreted proteins, in order to produce antifreeze 

polypeptides which would be secreted from the plant cell. 

B. plasmids used in the constru ction of saflO derivatives. 

The plasmid p35S(J) :Cab22L-CH contains the CaMV 35S 
30 promoter followed by the leader sequence derived from the 

Cab22L gene of petunia. Downstream of these sequences is the 
bacterial chiA (chitinase A) gene, which has been modified to 
have a unique Ncol site at the ATG start codon. Beyond the 
end of the coding sequence for the bacterial chiA gene is a 
35 unique BamHI site, followed by the nos (nopaline synthase) 
polyadenylation signal. Beyond this is a unique Hindlll 
site. The backbone of this plasmid is the vector pUC118, 
which is commercially available. Thus it is possible to 



20 



25 



30 



35 



WO 90/13571 

PCI7US90/02626 

44 

prepare this plasmid in either single or double stranded 
form. The construction of +hi o , . stranded 
m w u «. action of this plasmid has been published 
(M.H. Harpster et al. m«i ~ fuw-nsnea 

™ , W ' GPn - 212:182-190) 

The plasmid pCHIT-503 was derived from , ' 

> P35S (J , :cab 22L -CH, bv introducing a Sma sL by site' ^ 
dxrected mutagenesis at a position immediately down^ 
the codons for the chiA s i m ^ ™»eaiately downstream of 

Erected ^^^Z^Zl^T ^ 

strain .,3X3. ^ oli^nudeotide ISttSL^: 
presence of all four deoxyribonucleotide trinh! I T 

Plasmid DHA from each was screen^cT^ "* 

new anal site n „ .. DSi for *■» Presence of the 

"at site, one such transformant was to„»* ,.k- 
correct restriction digest pattern anlLi! * ** 

PCHIT503. «ern, and this was named 

The plasmid pCHIT503-21 was derived from 

r =-~ - hrr ■ - - 

Ol ~leotide s.-ctt^ccgc^^ 

acids in the ChiA * hange any amin °~ 

e cn3A Protein) was annealed to B < n „i 
PCHIT503 which hart hfl « ""eaj-ea to single stranded 

wuicn naa been prepared fm™ 
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polymerase extended and ligated plasmids were transformed 
into E. coli HB101. Individual transf ormants were picked and 
plasmid DNA from each was screened for the loss of the Smal 
site. One such transf ormant was found which had the correct 
5 restriction digest pattern, and this was named pCHIT503-21. 

The plasmid pCHIT500 contains the codons for the 
tobacco PRlb signal sequence synthesized as two 
oligonucleotides and cloned as an Ncol-Smal fragment in the 
plasmid pUC118. The oligonucleotides were designed so that 

10 when annealed and cloned into pUC118 f they would have a Smal 
site at the 3' end, which if used to clone the PRlb signal 
sequence fragment into pCHIT503-21 would put the codons for 
the PRlb signal sequence in the same reading frame as the 
codons for the ChiA protein. The oligonucleotides were; 

15 5'- CATGGGATTT TTTCTCTTTT CACAAATGCC CTCATTTTTT CTTGTCTCTA 

CACTTCTCTT ATTCCTAATA ATATCTCACT CTTCTCATGC CCAAAACCC - 3' 
and 5 1 - GGGTTTTGGG CATGAGAAGA GTGAGATATT ATTAGGAATA 
AGAGAAGTGT AGAGACAAGA AAAAATGAGG GCATTTGTGA AAAGAGTAAA 
AATCCC - 3 1 . The PRlb protein is a protein whose synthesis 

20 is induced by pathogen attack. It is a secreted protein and 
possesses a signal sequence (J. P. Carr et al. (1987) Mol. 
Cell Biol. , 7:1580-1583; B.J.C. Cornelissen et al. (1986) 
EMBO J. . 5:37-40). 

The plasmid pCHIT-PRSS was derived from the plasmid 

25 pCHIT503-21 by replacing the Ncol-Smal fragment from 

pCHIT503-21 (which carries the codons for the ChiA signal 
sequence) with the Ncol-Smal fragment pCHIT500 which carries 
the signal sequence of the PRlb protein from tobacco. To do 
this, pCHIT503-21 DNA was cut with the restriction enzymes 

30 Ncol and Smal. pCHITSOO was cut with Ncol and Smal and the 
smaller fragment released was purified from a polyacrylamide 
gel. The small fragment was ligated with the Ncol-Smal cut 
pCHIT503-21 with a large molar excess of the smaller 
fragment, and transformed into the £. coli strain MV1193. 

35 DNA was prepared from some of the transf ormants, and the 
desired plasmid was identified by restriction enzyme 
analysis. The plasmid which carries the PRlb signal sequence 
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fused in frame to the ohU coding sequence was designated 
PCHIT-PRSS. =»J.gnatea 

The Plasmid PCHIT-PKSS2 was derived from the 
Plasmid pchitpr-ss by site directed mutagenesis, after it was 
« uncovered by DNA sequence analysis that the PR lb signal 

seguence cloned in the plasmid pCHIT-Htts carried a single 
base pair change which would lead to an 

substitution in the Hub signa! seguence. This was a change 
fro. T to A at position u of the Hub seguence, which 

IT,* 8 T™ leUOin< (thS " Ud *»» , to a 

this mutation would have on the ability of the PHlb signal 

°7^2 t r di T tba secretion of <- ~*-» - *^it 

15 to ^ ^ mUtatiOH TOS back 

HZ T T*' USl " 9 881,6 SitS dire ° ted Agenesis 
protocol as described above. The oligonucleotide „Lh hid 
been synthesized in order to produce the plasmid pc^oo La 
which coded for the top strand of the PRib gene „L usTfor 
the mutagenesis. The correct plasmid was identified 
seguence analysis, and was designated P CHIT-prs S2 . * 
difference between *-h« 4-™ . me only 

PRSS2 is ! h ! ? Plasaxds pCHIT-PRSS and pCMT- 

PRSS2 is the sxngle base pair difference in the region of the 
plas*xd coding for the PRib signal sequence< r ^" n ° f the 

25 PPS* „ ^ C ° nStrUCtion <* PCHIT503, pCHIT503-21, pCHIT- 

25 prss and PCHIT-PRSS2 is summarized in Fig. 8A 

soecHM J h6 / laSmid PJJ2964 " - Plasmid which has been 
specifically designed for plant transforation by 

3= tTcnT 91 lnt ° ** Plant ' S BHA - ^en these t^ers 

tiT^i Tr e enooains, resutance *° ' 

SgnaTfrlm l^t" 03 '""^ "* With P°l»lation 
ne «wwformed can be detected by their 
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ability to grow on this antibiotic. It is derived from the 
vector pRK290. It also contains unique BamHI and Hindlll 
sites between the left border and right border of the T-DNA, 
such that any sequence which is cloned between these two 
5 sites will be efficiently transferred and integrated into 
plant DNA. This plasmid was constructed as follows. The 
broad host range plasmid pRK290 (G. Ditta et al. (1980) Proc. 
Natl. Acad. Sci. USA , 77:7347-7351) was cut with the 
restriction enzyme EcoRI, and the overhanging ends were 
10 filled in with the Klenow fragment of DNA polymerase I plus 
the four deoxyribonucleotide triphosphates. The plasmid 
pAGSlll (P. van den Elzen et al. (1985) Plant Mol . Biol . , 
5:149-154) was cut with the restriction enzymes -Hindlll and 
EcoRI , and the overhanging ends were filled in with the 
15 Klenow fragment of DNA polymerase I plus the four 

deoxyribonucleotide triphosphates. The two cleaved DNAs were 
ligated and transformed into E. coli. A plasmid was 
identified by restriction enzyme analysis that contained the 
EcoRI -Hindi I I fragment from pAGSlll containing the nptll gene 
20 from pAGSlll, and the right and left borders of the T-DNA 

(which are essential for transfer and integration of DNA from 
Agrobacterium to plant cells) inserted into the EcoRI site in 
pRK290. This plasmid was designated pJJ1881. pJJ1881 was 
cut with Clal and BamHI and ligated with pBR322 (a 
25 commercially available plasmid) which had been cut with Clal 
and BamHI, and the ligation product was transformed into E. 
coli . A plasmid was identified where the Clal-BamHI fragment 
from pJJ1881 carrying the nptll gene had been replaced with 
the small Clal-BamHI fragment from pBR322, which has a 
30 Hindlll site downstream of the Clal site. This plasmid was 
designated pJJ2431. The plasmid pLGVNeo2103 (van den Elzen 
et al., 1985) was cut with EcoRI, treated with SI nuclease to 
remove single stranded DNA, and ligated with Clal linkers. 
The ligation was cut with Clal and the plasmid purified away 
35 from the linkers, then religated and transformed into E. 
coli . A plasmid was identified where the EcoRI site in 
pLGVNeo2103 had been converted to a Clal site, and this 
plasmid was designated pAGS109. pAGS109 was cut with Clal 
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Clal a^'^ 9 Wltl> PJJ " 41 " hiCh had bee " «* -ith 

S tfc ! ~ * PlaSmid WhiCh COntai " ea «» "P" 1 

in the backbone derived fro pjj2341 was identified and 

designated pJJ 29 64. The construction of PJJ2964 is shown in 

Fig. 8B. 



°' P°" s to.°t'"n of B 1,„.M. „ TO M , , 

gene <n pl-nTf, 

In 0rd ' r *° °°»**aot a vector where the antifreeze 

s^LT , leader ' 31,3 " ith toe " OS P°l»lation 

signal at lts 3' end, 10 „ of pGMM5 was digested with the 
restriction endonucleases Hcol and Bam. The products of 
15 a!! TT'T ^ eleCtro «*°"«* - • polyacrylamide 

let: J T""* °* ^ Size < 127 ^se-pairs, „ as 

seen^This band was excised fro, the gel and electroeluted. 
The m was recovered by extracting once with an egual volume 
of 1.1 phenol and chloroform saturated with TE (10 m TKIS pH 

10 W of yeast tRNA and 2. 5x volumes of ethanol. The 
purified DNA fragment was resuspended in 20 „1 te. 2 „„ of 

aTZx" 21 T ^ Wlth *- reStri0ti °" "leases'! 
and BamHI, and eleotrophoresed on a 0.8% agarose gel. The 

ITT^'Tl 'TT ~ ~° « —pended in 
20 * TE. To ugate the HcoI-BamHI fragment containing the 

II H IT lnt °. tl>e HCOl - BaBHI »»*»- ««» PCHIT503-21, 10 
»1 of the purif le d fragm«,t was mixed with 1 „1 of the 

Purified backbone, in a final volume of 20 „1 ligase buffer 

"ern^T,' 1 1 ^ '« » "*-> - ^abated 

overnight at 4-c. This buffer is hereafter referred to as 

.«Hr*nl i .^' f °"^ *• ^n product: 
were transformed onto competent cells of £. coli stra i„ 

35 c^nr. 9 i;- and ,f !U,S£0a,iU,tS "™ Sele ° ted b * ™ I* agar 

containm, 75 Mg/m! ampicillin. To verify the presence of 

the correct plasmid in the transformed colonies, dha was 

prepared from individual colonies and cleaved with the 

restriction endonucleases xho! and HindHI. The predicted 
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size fragments (447 base-pairs) were observed following gel 
electrophoresis in 0.8% agarose. The correct plasmid was 

named pCHIT-AFNB. 

In order to be able to express a form of the 
5 antifreeze protein that would be secreted from plant cells, 
the antifreeze gene was first fused in the correct reading 
frame to a signal sequence from the bacterial chitinase gene 
chiA or the tobacco pathogenesis related protein PRlb, as 
follows. 10 Mg of pGMM5 was digested with the restriction 

10 endonucleases Smal and BamHI. The products of the digestion 
were electrophoresed on a 9% polyacrylamide gel, and a 
fragment of the expected size (133 base-pairs) was seen. 
This band was excised from the gel and electroeluted. The 
DNA was recovered by extracting the buffer once with an equal 

15 volume of 1:1 phenol and chloroform saturated with TE, 

followed by precipitation with 0.3 M NaOAc, 10 fig of yeast 
tRNA and 2.5X volumes of ethanol. The purified DNA fragment 
was resuspended in 20 fil TE. 2 vg of pCHIT503-21 was cut 
with the restriction endonucleases Smal and BamHI, and 

20 electrophoresed on a 0.8% agarose gel. This cleavage 

produced two fragments: the fragment containing the coding 
region for the mature part of the chitinase protein (i.e., 
that part of the protein which is left after cleavage of the 
signal sequence) and the backbone of the vector containing 

25 the selectable ampicillin resistance marker, the sequences 

required for plasmid replication, the CaMV 3 5S promoter, the 
Cab22L leader, the codons for the ChiA signal sequence 
(terminating in a Smal site) , and the nos polyadenylation 
signal (starting with a BamHI site) . The vector backbone 

30 fragment was electroeluted and resuspended in 20 fil TE. To 

ligate the Smal-BamHI fragment containing the saf 10 gene into 
the Smal-BamHI backbone from pCHIT503-2l, 10 nl of the 
purified fragment was mixed with 1 Ml of the purified 
backbone, in a final volume of 20 jxl ligase buffer and 

35 incubated overnight at 4'C. The following day the ligation 
mix was transformed into competent cells of the £. cgii 
strain MV1193, and transformants were selected by growth on 
LB agar containing 75 fig/ml ampicillin. To verify the 
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ther t rlctio „ ^ l^ZZlt Z? " 

predicted si2e fragment (530 ^ ^ 
following gel electrophoresis in 0.8% agarose. A "«o„d 

10 afsb. correct plasmid was named pCHIT- 

A vector was constructed where th*» 

identified by reetri^i T °° rn,ct plasI,lld ™> E 

» transits P^eT L^f i ^ ^ *™ "» 

— - h^x crr^rr " ith 

and cleavage with Hcol produced a tJaLZ . base "W^. 
- desire, piasaia was ^c^T " 

the tobacco mb oe Z . T " SSqUen « fr °» 

to Smal-BamHI cleaved pCHIT-PRss Th» * ln 

identified following COrreCt Plasmid w ^ 

tnn,*, M9 cleav age of plasmid ONA from the 

- — . wa/^n^js 1 :: 551 b — ■ 

The sequences of the antifreeze genes in 
Plasmids pCHIT-AFNB, pCHIT-AFSB, pCHIT-AFsf / 

°' PCHIT-AFSS, and PCHIT-AFSS2 , 
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are as follows, with the sequence being shown from the 
initiating ATG to the Hindlll site: 

Antifreeze gene (saflO) following cloning of NcoI-BaraHI into 
5 NcoI-BamHI cut pCHIT503. 

length: 130 

1 ATGGACACTG CTAGCBATGC CGCCGCGGCC GCTGCTTTGA CAGCTGCTAA 
51 CGCCGCCGCG GCCGCTAAAC TGACTGCAGA TAATGCTGCC GCGGCAGCAG 
101 CAGCAACTGC ACGTTAACAA CATCCGGATC 

10 

Antifreeze gene (saflO) fused in frame to chiA signal 
sequence . 
length: 221 

1 ATGGCCAAAT TTAATAAACC GCTGTTGGCG CTGTTGATCG GCAGCACGCT 
15 51 GTGTTCCGCG GCGCAGGCCG CCGCCCCGGG TACCATGGAC ACTGCTAGCG 

101 ATGCCGCCGC GGCCGCTGCT TTGACAGCTG CTAACGCCGC CGCGGCGTTA 
151 AAACTGACTG CAGATAATGC TGCCGCGGCA GCAGCAGCAA CTGCACGTTA 
201 ACAACATCCG GATCCAAGCT T 

20 Antifreeze gene saflO, cloned as pAFSS (with PRlb signal 
sequence containing the mutation at position 12) 
length: 242 

1 ATGGGATTTT TACTCTTTTC ACAAATGCCC TCATTTTTTC TTGTCTCTAC 
51 ACTTCTCTTA TTCCTAATAA TATCTCACTC TTCTCATGCC CAAAACCCGG 
25 101 GTACCATGGA CACTGCTAGC GATGCCGCCG CGGCCGCTGC TTTGACAGCT 

151 GCTAACGCCG CCGCGGCCGC TAAACTGACT GCAGATAATG CTGCCGCGGC 
201 AGCAGCABCA ACTBCACGTT AACAACATCC GGATCCAAGC TT 



Antifreeze gene saflO, cloned as pAFSS2 

30 length: 242 

1 ATGGGATTTT TTCTCTTTTC ACAAATGCCC TCATTTTTTC TTGTCTCTAC 
51 ACTTCTCTTA TTCCTAATAA TATCTCACTC TTCTCATGCC CAAAACCCGG 
101 GTACCATGGA CACTGCTAGC GATGCCGCCG CGGCCGCTGC TTTGACAGCT 
151 GCTAACGCCG CCGCGGCCGC TAAACTGACT GCAGATAATG CTGCCGCGGC 

35 201 AGCAGCAGCA ACTGCACGTT AACAACATCC GGATCCAAGC TT 
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The predicted aaino acid sequences of the proteins 
frowst ^ tranSlati ° n «* «- *~ « fences are a! 



5 



10 



15 



20 



25 



30 



35 



Antifreeze gene (safio, following cloning of Ncol-BamHi into 
NcoI-BamHI cut pCHIT503. 

1 MDTASDAAAA AALTAANAAA AAKLTADNAA AAAAATAR* 

Antifreeze gene (safio, fused in frame to chiA signal 
sequence, * 

1 MAKTOCPIiA LLIGSTLCSA AQAAAPGTMD TASDAAAAAA LTAANAA&AA 
51 KLTADNAAAA AAATAR* WAANAAAAA 

Antifreeze gene safio. cloned as pAFSS 

seouence containing the mutation at position 12) 

1 MGFLLFSQMP SPTOVSTUi FLXISHSSHA QHPGTMDTAS DAAAAAAI/FA 
51 ANAAAAAKLT ADHAA&AAAA TAR* U AAAAAAI/PA 

Antifreeze gene safio, cloned as pAFSS2 

51 ZL? QMP SPFLVSItLL "MM QNPGTMDTAS DAAAAAALTA 
51 AHAAAAAKLT ADHAAAAAAA TAR* ««M»Ma» 

The entire sequences containing the CaMV 25s 
promoter, the cab 22 L leader, the chiA or PRib signa 
sequences if present, the antifreeze gene and thl nos 

ZT* I " Sl9nal ~™ -to a vector which 

could be used to transform plant cells. 20 w of 

pCHXT^SB, pea™ or pCBXT-^ we"e c ut 

"V *• tte nos Polyadenylation sequence. The BglH- 
Hindlll fragments were purified by electroelution fro* a 0 .» 

ohlorofor, and precipitated with 0.3 M NaOAc, yeast «na and 
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ethanol as described above. The purified fragments were 
resuspended in 25 jil TE. Each fragment was then cloned into 
the binary vector pJJ2964. 10 fig of pJJ2964 DNA was cut with 
the restriction endonucleases BamHI and Hindlll, purified 
5 from a 0.8% agarose gel by electroelution, phenol/chloroform 
extracted, and ethanol precipitated, as described above. The 
cut DNA was resuspended in 20 fil TE. To ligate the 
antifreeze expression cassette into the binary vector, 2 fil 
of the purified BamHI-Hindlll cut binary vector was mixed in 

10 separate reactions with 2 Ml of each of the purified Bglll- 
Hindlll fragments and the mixtures were incubated overnight 
at 4*C in a final volume of 20 pi ligase buffer. The 
ligations were then transformed into competent cells of £. 
coll HB101 and plated on LB medium containing 10 /xg/ml 

15 tetracycline. Plasmid DNA was prepared from colonies that 
grew on these plates and cut with the enzymes Xhol and 
Hindlll. The cleaved plasmid DNA was checked by 
electrophoresis on a 1% agarose gel for the presence of the 
correct sized fragment. Fragments of the predicted size were 

20 seen in each case, confirming that the correct ligation 

product had been obtained. The plasmids obtained were named 
2964-AFNB, 2964-AFSB, 2964-AFSS and 2964-AFSS2. These were 
derived from pCHIT-ASNB, pCHIT-AFSB, pCHIT-AFSS and pCHIT- 
AFSS2, respectively. Details of these constructions are 

25 shown in Fig. 8C. 

D. Transformation of tobacco with binary plasmids 
containing antifreeze genes. 

30 i) introduction of the binary plasmid s into Agrobacterium 
tumef aciens . 

Prior to transformation of plant tissue, the binary 
plasmids derived from pJJ2964 were introduced into 
tumef aciens strain LBA4404 by triparental mating. Fresh 
35 cultures of A., tumefaciens LBA4404 harboring plasmid pAL4404 
were grown at 28 *C for 24 h from a single colony in minimal A 
(10.5 g K 2 P0 4 , 4.5 g KH 2 P0 4 , 1 g (NH 4 ) 2 S0 4 , 0.5 g 
NaCitrate.2H 2 0) , 1 ml 1 M MgS0 4 .7H 2 0, 10 ml 20% glucose, water 
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to 1 1) . E. sau HB101 containing the plasmid pEK2 013 and E 
SSU HB101 containing the derivatives descried above 

were grown for 6 hours in L broth. 0.5 ml of the A 
iBBSIisians culture was mixed on the same LB agar plate with 
5 0.* 1 of HBiOVP^OU an4 0 . 25 ^ of HB101 IJ I 

of the p«», M derivatives, and the plates were incubated for 
24 hours at 28-C. A loopful of bacteria fro, each plate was 
then "suspended in 1 ml ^ a and plated at 10°, l„- and 

, and ™ °" M PlSteS ™° rifampicin 

"0 Mg/m! tetracycline. After several days growth at 
28 c, .ndmaual colonies were restreaked onto minimi A 
plates containing l „g/ml tetracycline. 

ii ' Transforation nf fr„ft n | 

All manipulations were carried out under sterile 
conditions A culture of tte nqre bact Pri , m strain containing 
the requisite binary plasmid was grown for 24 hours in 
nmimal A medium at 28-C. Leaf aisos were ^ 
leaves of sterilely grown SR 1 Sissiism „ ^ 

a cork borer with internal diameter 0.5 cm. Th e 

cultures were diluted in HS/B5 0 . V1 . 0 (defined 
below) to a final concentration of 5 x 10 5 /ml. m/B S o l/l » 
was prepared as follows: A lox stock of ks major salts Z 
prepared, containing (per liter, 16.5 g ^ 19 g , 

MhCl^O, 6200 mg H3BO3, 8625 mg ZnSO^^O, 830 mg KI 250 
mg NaKoO,^; 25 mg CUSO^O. 25 mg'coc'l^O. A 100X 
stock of B5 vitamins was prepared containing pi liter 100 ma 
nicotinic acid, iooo mg thiamine 8C1, 100 £ pyrido^e Hcl 
10000 m, myo-inositol. A 100X stock of MS Pe*L IT ' 
prepared containing per liter 3.73 g HaJBDTA, 2 78 a 
Feso,.,^. MS/B5 0.1/x.o was made up as follows^ 
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^gradient 



"Stock 



amount/ liter 



MS major salts 10x 
MS minor salts lOOOx 
MS FeEDTA 100X 
B5 vitamins 100x 
MES 

Sucrose 

Naphthalene acetic acid 
6-benzylaminopyrine 



100 ml 
1 ml 
10 ml 
10 ml 
0.59 g 
30 g 
0.1 mg 
1.0 mg 



cm 



For solid MS/B5 0.1/1.0, 8 g agar was added per liter. 
The leaf discs were dipped into the Agropacter^um suspension 
for 1 second each and then placed on co-cultivation plates, 
with 10 discs per plate. Co-cultivation plates are solid 
MS/B5 0.1/1.0 overlaid with a single, sterile Whatman #1 7 
filter disc. The leaf discs were co-cultivated with the 
M r-nh an t e rium for 2 days at 28'C. The co-cultivation was 
terminated by washing the leaf discs in MS/B5 0.1/1.0 
containing 500 m**1 cefotaxime for 6 hours with one change 
of medium. The discs were then placed on solid MS/B5 o.l/l.o 
containing 500 M g/*1 cefotaxime and incubated for 3 days at 
28 -C. The discs were then transferred to selective medium: 
MS/B5 0.1/1.0 containing 500 w/nl cefotaxime and 100 /ig/ml 
kanamycin. The discs were cultured on this medium under high 
light fluence with a 16 hour light, 8 hour dark regime at 
26'C. After 2-3 weeks, kanamycin resistant callus and 
subsequently kanamycin resistant shoots begin to appear. 
When these were sufficiently large to handle with sterile 
forceps, they were transferred to rooting medium (MS 0.1/1.0 
with no naphthalene acetic acid or 6-benzylaminopurine, 
containing 2 vVl indole butyric acid) without selection, and 
allowed to form roots for 14 days. They were then excised 
and retransferred to rooting medium containing 100 M /wl 
kanamycin. Plants that successfully developed roots on this 
medium were all transf ormants . They were then transferred to 
Magenta boxes containing solid MS 0.1/1.0 without naphthalene 
acetic acid or 6-benzyl aminopyrine. 
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tobacr-n , " aene m fransf ny » c ^ 

A by using the technique of RNase protection. 

Was "ractad from leaves of six in vitT . n 
tobacco plants, each one of which was the p rodu ^ £f ^ 
transformation event with tho Product of a unique 

Uguid nitrogen, and ground to fine 

Pestle. The powder was transferred LTcarlT , "* 

tube containing 5 mi m, , , . PP 4 P 0l »»Pylene 

Preform, J S Sn,'^* - " lth * - 

« '.5, 1 m EDTA 1% snsT i ' °- 01 H 1818 HC 1 P" 

seconds. Z faction „ **" Wt ~ d £ ° r 30 

Corex tuhe and ~ , £ ^oT^ " ° " " 
34 rotor. The mm™- . ln a So ^ll SS - 

extraction Z^T^n ^ ""^ M 
» there was no ^t^t^™ ^ " 
the organic ana the agueous layers IT 
then transferred to a fresh 30 T'r ^ S 
1 3 K NaOAc p H 6, and ^5 1 1 °«*«*** 
contents of tne tube^er 01 a44e4 - ■» 

» a. minutes. ^. le ™" T ^ ^ 01111164 t0 «» 
Minutes in a Sorva^ SS ^ 34 ^ ^ ** 8 '°°° ^ f » « 

- pen. « : r™" 8 nuelelc aoid - 

•t 4-0 for 3 hours. The tube was tten ' 
15 mill, in an ss-34 rotor feT T " 8 ' 000 "*» 

30 resuspended in 2 . mT^sT E ^ T ^ ~ 

™Ac pH 6 and 7 ml etnan^' ^ " — 250 * 3 , 
8.000 rpm for 15 ^ ™ ^ 1,16 tuba ™>= spun again at 

ethanol. The 'wa - "* ~ ^ 5 * 7 °* 

resuspended in 2 oo „1 "Lt VaCUU *' ^ *»- 

the RNA £ f""" ° £ tt « -Pected mRNA in 

C -as. Prot^ion^te ~" ' ^ 

— which is cottar, JlT^Zl^T 
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synthesized such that "it is labelled with 32 P. It is then 
hybridized with the plant RNA. After hybridization has 
occurred, the RNA is digested with enzymes which are specific 
for single stranded RNA. If sequences complementary to the 
5 probe are present in the RNA preparation, they will anneal 
with the probe to form a double-stranded RNA which will be 
resistant to RNase digestion. This can then be detected by 
gel electrophoresis and autoradiography. 

To make a probe that would detect the antifreeze 

10 gene, the EcoRI-Hindlll fragment was cloned from pGMM5 into 
the commercially available plasmid Bluescript(-) , at the 
EcoRI and HindHI sites. The resulting plasmid is referred 
to as BS(-)AF. BS(-)AF DNA was purified and 5 ng was 
digested with EcoRI , which cuts upstream of the ATG of the 

15 antifreeze gene. The cut DNA was purified by extraction with 
phenol and chloroform and precipitated with 0.3 M NaOAc and 
ethanol. 32 P-labeled RNA complementary to the antifreeze 
message was synthesized by using the riboprobe reaction as 
described in the commercial literature from Promega Biotech 

20 inc. using T3 RNA polymerase. The purified labeled probe was 
resuspended in 25 /*1 water. 10 fig RNA from each one of the 
six transformed plants, and 10 m RNA from a tobacco plant 
transformed with a different binary vector not containing the 
antifreeze gene, was dried under vacuum, and then resuspended 

25 in 30 Ml hybridization buffer (40 mM PIPES (ph 6.7), 0.4 M 
NaCl 1 mM EDTA) . A control tube was also made which 
contained 10 fig tRNA from yeast. 1 nl of probe was added to 
each sample. The samples were overlaid with 30 M l mineral 
oil to prevent evaporation, incubated at 85'C for 5 min. , 

30 then at 45-C for 18 hours. Digestion with RNase A and Tl 
RNase and preparation of the samples for loading onto a 
denaturing 6% poly acryl amide gel was then carried out as 
described in the commercial protocol from Promega Biotech 
inc. Also loaded on the same gel were size markers (pBR322 

35 DNA cleaved with Hpall and labeled with 32 P) and a 500x 
dilution of the original riboprobe. 
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expressed in the plant tissue. ^ 15 

RNA was extracted from i eaTOc • 
tobacco plants m „h ^ f 111 grown 
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From comparing the sequence of the antHf™ 
» the piasmid paa* rtth the sequence of «e »t 1£ r "~ 
as cloned in the piasmid 2964 -AFHB or 2 96 4^ SS it T"'^ 
predicted that, if an „p W » „ ' xt can be 

at, lf an mRNA corresponding to the antifreeze 
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gene is indeed being synthesized in the transgenic plants, 
the RNase protection assay described above should lead to a 
protected fragment of 141 base pairs. A fragment of this 
size was seen in the lanes containing RNA from each of the 
5 transformed plants, but not in the control lanes from the 

plant not expressing the antifreeze gene or from the control 
lane with tRNA only. The relative intensities of the bands 
varied, reflecting the known fact that the level of 
expression of any introduced gene varies between individual 

10 regenerated plants from the transformation experiment. The 
results of this experiment showed that a synthetic gene for 
the antifreeze protein (containing DNA encoding a signal 
sequence for purposes of yielding, upon translation, 
antifreeze protein and antifreeze activity in the 

15 intercellular space) can be introduced into plants, and that 
this gene is expressed in the plant tissue. 

F . Transformation of toma t o with binary plasmids containing 
antifreeze genes. 



20 



25 



30 



i) Tnr-r-oductipn of the b inary plasmids into Agrobacterium . 

Plasmids 2964-AFNB and 2964-AFSB were introduced 
into Agrobacterium as described above, and were used to 
transform tomato. 



ii) Transformation o f tomato. 

All manipulations were carried out under sterile 
conditions. A culture of the Agrobacterium strain containing 
the requisite binary plasmid was grown for 24 hours in 
minimal A medium at 28 Leaf discs were punched from the 
leaves of sterilely grown Bonnie Best tomato plants using a 
cork borer with internal diameter 0.5 cm. The Agrobacterium 
cultures were diluted in MS/B5 0.1/1.0 (defined below) to a 
final concentration of 5 x 10 5 /ml- MS/B5 0.1/1.0 was prepared 
35 as follows: A lOx stock of MS major salts was prepared, 
containing (per liter) 16.5 g NH 4 N0 3 , 19 g KN0 3 , 3.7 g 
MgS0 4 .7H 2 0, 1.7 g KH 2 P0 4 , 4.4 g CaCl 2 .2H 2 0. A 1000X stock of 
MS minor salts was prepared containing (per liter) 19800 mg 
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MnCl 2 .4H 2 0, 6200 mg H 3 B0 3 , 8625 mg ZnSo 4 .7H 2 0, 830 mg KI 250 
»g NaMo0 4 .2H 2 0; 25 mg CuS0 4 .5H 2 0, 25 ^ CoCl 2 . 6H 2 0 . A 100x 

nL°o C tin° f BS ^ C ° ntaining ~ "0 mc 

5 10000 1 ' 1000 ^ **' 100 "**"«** "CI, ' 

10000 mg myo-mositol. A 10 Ox stock of MS FeEDTA was 

prepared containing per liter 3.73 g Na 2 EDTA, 2.78 g 

FeSO 4 .7H 2 0. MS/B5 O.l/l.o was made up as follows: 



Ingredient stock 

10 MS major salts io x 

MS minor salts lOOOx 

MS FeEDTA 100x ~ 10 ~ 

B5 vitamins i 00x 10 ml 
HES 

ik 0.59 g 

•JLJJ CI limes 



Amount/liter 
100 ml 
l ml 



Glucose 
Indole acetic acid 
Zeatin 



30 g 
0.05 mg 
1.0 mg 



20 IZ/T °' V1 ' 0 ' 8 9 a9ar ms aMed ut «- *» 

5-10 ST T lnt ° -Pension for 

" eSCh Md «« °- co-cultivation plates with 

10 d 1S c s perflate, co-cultivation piates are soUd wb! 

25 loxU * ^ °°-*»"-ated "ith the 

agrabacisriaB for 2 aays at 24-c. The =o-oultivation was 
terminated by washing ^ lea( disos ^ o _ » 

containing 50 mg/«l cefot^ine for 6 hours with one'change of 
-diu* The discs were then placed on solid MS/B5 O.l" 0 

30 L o Th"! I" Ce *° taXi,ne ^ £ " 3 

WB5 o^, o ^ *" *— ~ to selective medium: 
BB/B5 o l/i.o contaiaing 500 *g /n i carbenicillin and 50 M/B l 
taro. The discs were cultured in this medium under 7£ 
light xluence W1 th a 1 S hour light, s hour dark regime at 
C. After 2-3 weeks, kanamycin resistant callus and 

:l S r Uently kanMyeln reSiStant — to appet. 
Shoots were excised from the leaf discs and transferred to 
shoot elongation medium which was similar to MS /B5 o 1/ 1 o 
except that the seatin level was reduced to 0.5 mg/1 
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Selection was maintained by the inclusion of carbenicillin 
(500 mg/1) and kanamycin (100 mg/1) . When these shoots were 
sufficiently large to handle with sterile forceps, they were 
transferred to rooting medium (MS 0.1/1.0 with no indole 
5 acetic acid or zeatin, containing 2 /Of indole butyric acid) 
without selection, and allowed to form roots for 14 days. 
They were then excised and retransferred to rooting medium 
containing 100 ng/ml kanamycin. Plants that successfully 
developed roots on this medium were all transformants. They 
10 were then transferred to Magenta boxes containing solid MS 
0.1/1.0 without naphthalene acetic acid or 6-benzyl 
aminopyrine. 

G . assay of exp^sslon of antifreeze gene in transformed 

15 tomato. 

To assay for the levels of expression of the 
introduced antifreeze gene, RNA was extracted from leaves of 
transformed plants and assayed for the presence of the 
antifreeze mRNA by using the technique of RNase protection. 
20 rna was extracted from leaves of plants growing in 

the greenhouse or Magenta boxes. Each transformant was the 
product of a unique transformation event with the binary 
plasmid 2964-AFNB (14 plants) or 2964-AFSB (7 plants) . Leaf 
tissue was taken from each plant, frozen in liquid nitrogen, 
25 and ground to fine powder using a mortar and pestle. The 
powder was transferred to a capped polypropylene tube 
containing 5 ml phenol (equilibrated with water) , 5 ml 
chloroform, and 5 ml NTES (0.1 M NaCl, 0.01 M TRIS HC1 pH 
7.5, lnH EDTA, 1% SDS) and the tube was vortexed for 30 
seconds. The extraction mix was then transferred to a 30 ml 
corex tube and spun at 8,000 rpm for 10 min. in a Sorvall SS- 
34 rotor. The upper aqueous layer was removed, and the 
extraction was repeated until the aqueous layer was clear and 
there was no precipitation material at the interface between 
35 the organic and the aqueous layers. The aqueous layer was 
then transferred to a fresh 30 ml Corex tube containing 0.5 
ml 3 M NaOAc pH 6, and 12.5 ml ethanol was added. The 
contents of the tube were mixed and then chilled to -20 *C for 
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20 minutes. The tube^ae then spun at 8,000 rpm for 15 

Ztl^ * S<>rVaU SS "" r0tOT ' t0 PeUet tte ™— -id. 
at 4^ for rT reSUSPen4ed 18 2 - 5 ^ 4 » and incubated 

. I t T' ae tube SP» at s,ooo rp» for 

15 «in. m an SS-34 rotor to pellet the RHA. The peliet was 
-suspended in 3.5 ml water, to which was added 250 „1 3 K 

TZ ^r'" 1 ethano1 - - tube ~ ^ 

• ,000 rpm for 15 min. and the peliet was washed with 5 ml ,o% 
ethanol. The pellet was dried under vacuum, and then 
' resuspended in 200 »il water. 

To establish the presence of the expected mRNA in 
the RNA extracted from the transformed plants the 
of PH.se protection was used, m this technic, , shorT 

svnt" OOTPlOTente ^ to expected message is 

synthesized such that it is labelled with "p. It is then 

o^r'r ^ PlMt ^ **« ~i»tlon hat 
occurred the RNA is digested with enzymes which are specific 
for sxngle stranded RNA. if sequences complementary to the 
probe are present in the RNA preparation, they willa^eal 
with the probe to for. a double-stranded RNA which will be 

ZTTt ^T™ al9estio - *"» - «~ - 

gel electrophoresis and autoradiography. 

«„. T ""^ * Pr0b * ttat TOUld detect antifreeze 

gene, the EcoRI-Hindm fragment was cloned from ^ into 

the commercially available plasmid Bluescript,-, at the 

to as BS(-)AF. BS(-)AF DNA was purified and 5 ra „ as 
jested with EcoRI, which cuts upstream of the^ " the 

Sir « T" ^ WM ™- «* extraction with 

phenol and chloroform and precipitated with 0.3 „ HaOiTal 
ethanol. "P-labeled RHA complementary to the antifreeze 

described m the commercial literature from Promega Biotech 
inc. using T3 RNA polymerase. The purified la^ll* V 
suspended in 25 « water, lo w L fr» ^I'TLT 
Six transformed plants, and 10 fig rna from a tomato planf 
transformed with a different binary vector not conXng the 
antifreeze gene, was dried under vacuum, and then resusplL 



PCT/US90/02626 

WO 90/13571 63 

in 30 nl hybridization buffer (40 mM PIPES (ph 6.7), 0.4 M 
NaCl, 1 mM EDTA). A control tube was also made which 
contained 10 tig tRNA from yeast. 1 Ml of probe was added to 
each sample. The samples were overlaid with 30 Ml mineral 
5 oil to prevent evaporation, incubated at 85 *C for 5 min. , 
then at 45 °C for 18 hours. Digestion with RNase A and Tl 
RNase and preparation of the samples for loading onto a 
denaturing 6% polyacrylamide gel was then carried out as 
described in the commercial protocol from Promega Biotech 

10 Inc. Also loaded on the same gel were size markers (pBR322 
DNA cleaved with Hpall and labeled with 32 P) and a 500x 
dilution of the original riboprobe. 

Following electrophoresis, the gel was fixed for 10 
min. in 10% acetic acid, 10% methanol, then dried onto 

15 Whatman filter paper No. 1, and autoradiographed. 

From comparing the sequence of the antifreeze gene 
in the plasmid pGMM5 with the sequence of the antifreeze gene 
as cloned in the plasmid 2964-AFNB or 2964-AFSB, it can be 
predicted that, if an mRNA corresponding to the antifreeze 

20 gene is indeed being synthesized in the transgenic plants, 
the RNase protection assay described above should lead to a 
protected fragment of 134 base pairs for 2964-AFNB and 141 BP 
for 2964-AFSB. For both 2964-AFNB and 2964-AFSB plants, a 
fragment of the expected size was seen in the lanes 

25 containing RNA from each of the transformed plants, but not 
in the control lanes from the plant not expressing the 
antifreeze gene, or from the control lane with tRNA only. 
The relative intensities of the bands varied, reflecting the 
known fact that the level of expression of any introduced 

30 gene varies between individual regenerated plants from the 
transformation experiment. The results of this experiment 
showed that a synthetic gene for the antifreeze protein (in 
the case of 2964-AFSB plants, containing DNA encoding a 
signal sequence for purposes of yielding, upon translation, 

35 antifreeze protein and antifreeze activity in the 

intercellular space) can be introduced into tomato plants, 
and that this gene is expressed in the plant tissue. 
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proteins. ™ ""-""fta A-antif re ese fusion 

5 *• P°nstrintion of .-h. Tln1 pj-p, , (|| 
fl ffiinl-Pmfein rrinn 

treatment, ana iTit™ ^ * •*"»■•» b ™ 
resources re o «*«*«>•" consumes less cellular 

urces ( e -9-, ammo acids. atj>i , 

synthesized. Plasmid p<aiH9 b^'H, ! «**«—• 
restriction endonucleas. hL£T£ - ^ 
nade Wunt by fiiii™ ,„ ™" n ' ^Wered ends were 

Polymerase and o£pT LI ^ ^ * " "» 

religated. The^i cf^' reSUltlnS ^ eMs 
oorti™ S lnani PUlation was to delete a 

p" « L^^rn encodin9 * * ta 

reading ^^ZZ'^^ *» «" ~ 
transrn™**-- . esirea Plasmid was isolated by 
transformation into E. col i „ 

a recognition site forlSet aTtn"! '"T*' " 
new plasmid, P LVC107 e^old „T °' deleU ° n - ™ e 

Protein A, but J^^L t0 
«=ept at its K-term" s td t^. 9 ZTTl"^ 
(Where fusions to other antifreeze! ^ *° Mfl ° 
a!so he made, as described be^ ™ ^ " b ~^ 
referred to as mini-Protefn , 1 JUSlon *« 

Portion retainsTsi^ Z " "^-^tein A» 

Permitting Pur« ^ ^ by^ X T ^ ^ 
visuali 2 ation after Westel f, ^ ohromatography and 
-seouent ~ — 

the use of their nam sites, a HindHT * """ 
into P.VC107 by substitution of i^TE^T intr0dU ° ed 
fragment from pncils i nto th e ! *"Vta«i 
gating the new vectt,^ ^T^Z^ " 
upstream segment of saflo, still fused In 17 ^ " 

frame to the mini-Protein A gene. 0 "™* 
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B. ^r^nHnn C hrtn^n mini-PrptPin ft saf6 » 

pafa. S? f*, f"d saf5 

The fusion of mini-Protein A to safe was 
constructed by substituting the small NcoI/BamHI fragment 
from pGMM3 (Example 5) into the corresponding sites of 
PLVC107, to yield plasmid pLVCHO. 

The fusions of mini-Protein A to saf4 and saf5 were 
constructed by substituting the small Nhel/HindHI fragments 
from P LVC85 and P LVC86 (Example 2) into the corresponding 
sites of pLVC108, to yield plasmids pGMM14 and pGMM15 
respectively. In both of these fusions, the upstream 
portions of the original saf4 and saf5 genes are replaced by 
the upstream portion of saflO present in pLVC108. The only 
difference in structure is that in P GMM14 and pGMMIS, saf4 
and saf5 begin with the sequence MDTASD (in contrast to 
MAADTASD previously) . These versions of saf4 and saf 5 will 
be referred to as saf 4b and saf 5b, respectively. 

The fusion of mini-Protein A to saf6 was obtained 
by substituting the small NcoI/HindlH fragment from pGJ151 
(Example 4) into the corresponding sites of pLVClOB, to yield 
plasmid pGMM13. 

25 c. ^ V +<+»+*™ o f " f * h * ^ni-Protein A-*af series 

~ y +>.p T-gcrvstalV °f 

The series of plasmids encoding the mini-Protein A- 
saf fusions was transformed into E^coU K12 strain JC10291 
containing plasmid P RITcI857 (B. Nilsson and L. Abrahmsen, 
Methods in Enzymology, 1989) . The P RITcI857 plasmid encodes 
a temperature-sensitive repressor of the lambda promoter in 
the fusion plasmids, allowing the strains to be cultured at 
28-C prior to induction of fusion protein synthesis at 42'C. 

The strains were cultured individually in 500 ml LB 
each at 28'C until reaching O.D. (600) of 1. At this point 
the temperature was raised to 42'C by addition of equal 
volumes of LB at 56'C, and incubation was continued at 42'C 
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for a further 90 minute*! 

iuj.nu4.es. After harvest- -i 4., 

proteins were then extraoted and f f -*°" 

Protein A-satto (Example 7, Ascribed for 

« for Protein A- S a,s ln eZ.pL 3 "LL J" ^ 
-ies o f each prote i n Bare e ^ ^ ^"elte ^ 
approximately the ainiau* concentration^ 

effective in inhibiting reorystl^t ™ Pr ° tein 

> observed as shown i„ tL C f yStallil!atloI >- Inhibition was 

"stron, inhibitTn^J'^;^ « 

-een i^ ^^1^ ^TT ^ ~ 

involving Saf6 safa «>- * fusi °ns 

Mediate £ l^nT*^ ^ Sa£41> ^ ^ 
resets that increasing J^f "e^ ^ T *~ 

antifreeze moiety of a <w repeats m the 

in the inhibitiS o IZZ^T ^ 
fusion proteins each con^L ^ ^ aCt±Ve 

invoking saf4 ^ * ^ 

involving safs contains 5 repeats 7 ^ ^ 

bacterial!^ — -at a variet y of 

Pieties can he rea d ii y ^£TZ S^ET" 
recrystalli 2a tio„ of ice in vi^_ t0 lnhlbit 

Table 1. Recrystallization inhlh*^ w 

500 ul, ] : hhjhXtl0n ^ fus i°n proteins. 
5.00 uq^ L 50 utT/m1 

ittiSi 3 Uq^Tin_ 0.5 nrf /ml 

mini-Protein A-saf 6 ++ 

mini-Protein A-saf8 ++ ~ m NT 

mini-Protein A-saflO ++ + ^ NT 

mini-Protein A-saf4b ++ " " NT 

mini-Protein A-saf5b ++ ++ 

+ + - S tr ° n ? inhibition + 
+ - Weak inhibition 

NT : ^t^te'd 10 " ° bSerV6d 
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EXAMPLE 10: The purification and activity of naked antifreeze 
peptides Saf6, Saf 8, and SaflO released from the 
corresponding mini-Protein A fusions. 

5 Induction of the mini-Protein A-saf fusion proteins 

was carried out as described in Example 9 above. Cells were 
lysed and fusion proteins purified as in Example 6. The 
release of the naked antifreeze peptides by cyanogen bromide 
was carried out as in Example 6. The cleavage mixtures were 

10 filtered and concentrated by means of lOkDa. and 3kDa. cutoff 
filters, as described in Example 6. The concentrates were 
analyzed by HPLC chromatography over a C-18 column, with 
elution by a linear gradient from 85% solution A/15% solution 
B(A: 1% trifluoroacetic acid in water; B: acetonitrile) to 

15 10% solution A/90% solution B. The naked Saf peptides were 
visualized as single peaks eluting at 72% A/28% B (SaflO) or 
at 62%A/38% B (Saf 6 and Saf 8) . This analysis showed each 
naked Saf peptide to be greater than 75% pure in the 3kDa.- 
filter retentate. The concentrations of the purified naked 

20 peptides were estimated by the BCA protein assay and then 
adjusted to 100 ug/ml (100 parts per million) . 

The pure solutions of naked antifreeze peptides 
Saf 6, Saf 8, and SaflO were tested for recrystallization 
inhibition using the splat-cooling assay described in detail 

25 in Example 3. Each solution of naked antifreeze showed a 

strong inhibition of recrystallization (by the same criteria 
as in Example 9) at this concentration, in clear contrast to 
the negative control (a splat made from buffer equivalent to 
that in which the Saf peptides were dissolved) . 



30 



EXAMPLE 11: Cryopreservation of yeast by intracellular 
expression of a Protein A-Saf5 fusion protein. 

A. Ponstruction of plasm as for expression of Protein A- 
35 Saf 5 fusion protein in tra "«f m-med veast. 

The Protein A-Saf5 encoding nucleotide coding 
sequences contained within the plasmid pRLM105 (described in 
Example 2) were excised and inserted into a yeast 
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heterologous expression vector in the ft,n„ ■ 
Plasmid PRI » 10 5 was treated with" 2 ' l 

5 »n^= „. Jl. rocaln * Saf5 coding sequences. The stici™ 
= ends of this fragment were filial <■ u sticJcy 

<»TPs as described in ZL * en2ymatio «"»"i°n of 

(Pharmacia,. ^1 r„t t0 »"« "»*•» 

site of poena ^ vieTH ^ **" li99tea lnt ° tte «-= 

was treaLd „ t^ JsticS ™»« 
) M «,„ restriction enzymes (Bell and BamHI) to 

P^in :!saT°? atelY l - ° ** tm -^ining'th 

The plasmid YEpHMl was constructed bv <Be 
synthetic double strand^ «n n5T:ruct *d by. inserting a 

*coRi site downstre a ^ ^ 

kinase promot^r^n! 1" 3 -P hos P h °^cerate 

t> omoter fragment m the plasmid YEdipt mm r „ , 

^ OlSU-1819 and science (1983^ 

The double strand^ „t -^t^SSe (1983) 219:620-625). 

dh«.i ol ^ucleotide consisted of two 

chemically synthesized oligonucleotides with iZ T 
5' AATTCCATGGATCCCGGGCGGCCGC 3- and ^nces 

xL-j^rrrnrs^ 3, ' which were — — — 

compat ible st ic^y Zte ll^T "~ ^ ** 
y enc ts. Within the double stranri^ - • 

EcoRl following ligation inL !* . 6 ^ With 

BclZ-BamHX - 

strain ,03-^^ "T 4 ^ «" 

^Jed^^ 

-^^e^i^^r^ 
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Yeast cells were grown on SD plates with selection for 
expression of the yeast TRP1 gene on the plasmid YEpRM3 . 
Plasmid DNA was isolated from the transformed yeast by the 
method of Hoffman and Winston ( Gene (1987) 57:267-272), 
5 retransformed into JL coli f purified and analyzed by 

restriction enzyme digestions. This analysis confirmed the 
presence of the Protein A-Saf5 coding sequences within the 
transformed yeast. 

Transformed yeast cells were grown under selective 

10 conditions in SD medium to a concentration of approximately 2 
X 10 7 cells per ml, harvested by centrifugation, and washed 
with 1/50 volume water. The cell pellet was resuspended in 2 
volumes 3X Laemmli Buffer ( Nature (1970) 227:680-685) and 
disrupted by agitation for 1 minute in a mini-beadbeater 

15 (BioSpec Products) in the presence of 2/3 volume glass beads 
(0.5 mm diameter). The disrupted cells were placed into a 
boiling water bath for 5 minutes, followed by centrifugation 
for 1 minute in a microcentrifuge. The supernatant was run 
on SDS polyacrylamide gels, transblotted to nitrocellulose 

20 filters, and examined by western blot analysis using 

antibodies directed against the Protein A domain of the 
fusion protein. The results of this analysis showed the 
presence of a unique protein band of the correct size in 
extracts from yeast cells containing the Protein A-Saf5 gene 

25 when compared to extracts from cells lacking the Protein A- 
Saf5 gene. This demonstrates that the transformed yeast are 
expressing the Protein A-Saf5 fusion protein. 

C. Recrystallization inhibition activity in cell lvsates 

30 from transformed veast. 

In order to test the recrystallization inhibition 
activity of the Protein A-Saf 5 fusion protein expressed in 
the transformed yeast, crude cell lysates were examined by 
the splat assay described in Example 3. Transformed yeast 

35 cells were grown, harvested, and disrupted as described in 
part B from above except that in place of the 3X Laemmli 
Buffer, the cell pellet was resuspended in 30 mM Tris-HCl (pH 
8.0), 10 mM EDTA. The supernatant from the disrupted cells 
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was used directly for splat analysis. As a control, yeast 
cells lacking the Protein A-Saf5 gene (YEpRMi) were treated 
in parallel and also examined for recrystallization 
inhibition by the splat assay. Fig. io shows the development 
of recrystallization over a period of one hour in extracts 
from yeast cells expressing the Protein A-Safs gene compared 
to extracts from cells lacking the Protein A-Saf5 gene 
Slide 10-1 is a photograph of the two splats shortly after 
freezing and transfer (within 5 minutes) , while slide 10-2 
shows the same two splats after approximately 15 minutes, 
slide 10-3 shows the same splats after approximately 30 
minutes, and slide 10-4 shows the splats after a period of 
one hour, m all slides, the splat on the right is from 
yeast cells expressing the Protein A-Saf 5 gene and the splat 
on the left is from yeast cells lacking the Protein A-Saf5 
gene. Although both splats looked very similar shortly after 
freezing and transfer (slide 10-1) , after a period of one 
hour, the control splat lacking the Protein A-Saf5 showed a 
sxgnxfxcant increase in average crystal diameter that was at 
least fxve times the average crystal diameter in the splat 
containing the Protein A-Saf5 fusion protein (slide lo-4>. 
Another control was to compare the extract from yeast cells 
expressing the Protein A-Saf5 to an aqueous solution 
containing Protein A alone at a concentration similar to the 
concentration of the Protein A-Saf5 fusion protein within the 

effect ^ ^ *• ^ ^ 2 ' P ~ tei » * nad no 

e^ect on recrystallization. These results demonstrate that 

ytasn V 8 ^ 5 in ^nsformed 

yeast xs actxve xn recrystallization inhibition. 
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increased viahiHtv nf> , M thawaH y 

1 !!r^ nPP ° f 1wt ™ Plln1 " "T ~— - nr „„ T 

A-Saffi fusion pn ft f j n| 

CeU viability was determined in the following 
35 Manner Veast cells were grown in liguid culture under 

selectee conditions, subjected to various rates of free2ing . 
thawxng and challenged for their ability to grow on agar 
Plates. As a control, yeast cells lacking the Protein A-Saf5 
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gene were treated in parallel. The yeast cells were grown to 
late log or early stationary phase in SD medium, concentrated 
by centrifugation to a volume of 0.02 ml, and cooled by 
immersion in a dry ice-ethanol bath to -70 'C (a rate of 
5 95 e C/min.)« The cells were then transferred to a liquid 
nitrogen bath and cooled rapidly to -196 'C to ensure 
intracellular ice formation. Thawing was performed by 
transfer to water baths maintained at temperatures ranging 
from 0"C to 37 "C (corresponding to thawing rates from 26 to 

10 64°c/min.). Following thawing, the cells were diluted, 

plated on YPD agar, allowed to grow at 30 and counted. 
The number of cells that survive freezing-thawing was 
calculated as a percent of the number of cells grown under 
identical conditions but not frozen. The increase in 

15 viability as a consequence of intracellular expression of the 
Protein A-Saf5 gene was calculated as the number of surviving 
cells containing the Protein A-Saf5 gene compared to the 
number of surviving cells lacking the Protein A-Saf5 gene. 

A summary of four separate viability experiments is 

20 shown in Table II. Yeast cells containing the Protein A-Saf5 
gene showed an increase in viability of 30% to 200% (also 
shown as a fold increase of 1.3X to 3. OX) when compared to 
yeast cells lacking the Protein A-Saf5 gene. Experiment 4 
was done with a strain isolated from a separate 

25 transformation in which YEpRM3 was transformed into 20B-12 as 
described above. These experiments demonstrate a significant 
increase in freeze-thaw survival as a consequence of 
intracellular expression of the Protein A-Saf5 gene. 
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Table ii. 

Rate of 
Wanning 



YEAST VIABILITY AFTER FREEZING-THAWING 



4. 



Pyn vrrrvy # colonies 

l_CZm±Ill Saf jMean + /- Rn) Dilution 



Contr ? 1 



26 


+ 


26 


- 


v. 


+ 


C 




26 


+ 


26 




64 


+ 


64 




C 


+ 


C 




64 


+ 


64 




C 




C 




26 


+ 


26 




40 


+ 


40 




C 


+ 


C 





137 +/-19 
71 +/-10 
126 +/-8 
165 +/"7 

461 +/-120 
87 +/~28 

240 +/-75 
55 +/-H 

109 +/~9 
63 +/"3 

149 +/-17 
106 +/~4 

26 +/-3 

27 +/-4 

137 
67 
248 
159 
770 
636 



% Fold 
Increase Increase 



10~ 3 


1.09 


lO' 3 


0.43 


10" 5 


10" 5 




10" 3 


U. 42 


10' 3 


u • 14 


in" 3 


2,20 




0,87 


10" s 


10" 5 




lO' 4 


5.73 


10" 4 


3.92 


lO" 6 


lO" 6 




10" 2 


1.78 


10~ 2 


1.05 


10" 2 


3.22 


10" 2 


2.50 


lO" 3 




10~ 3 





153 

200 
153 

46 

70 
30 



2.5 

3.0 
2.5 

1.5 

1.7 
1.3 



control (not frozen). 

tUMBLU, Expression of an active Protein A - Sa f4 

Fusion protein in yeast. 

Saf4_f USlon „ . rin r ^ -UUL- 

t*™,, f aSmid PRLM1054B (Scribed in Example ii) was 

i„, . ' xs>89, Ann. Rev. Genet. 2i m 

«2) , to produce in ^ deletions of the 33 bo tanL 
repeats present within the Saf 5 nucleotide Id 
A deletion of one of «,„ ! naclaotlda co,1 ">9 sequences. 

*a« (shown i„ « 0 * 7 ""^ SlfS " Ul 
the ProJ™ *!sl,!' e™' BC1I " BMHI fri9,nent 
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Restriction enzyme analysis of plasmid YEpRM4 confirmed the 
presence of the Saf4 nucleotide sequences. 

B. Expression of the Protein A-Sa f4 fusion protein in yeast 
5 cells. 

Plasmid YEpRM4 was transformed into the yeast 
strain 20B-12 and examined by Western blot analysis as 
described in Example 11. The results of this analysis showed 
that cell extracts from YEpRM4 produced a unique protein band 
10 of the correct size when compared to cell extracts of YEpRM3. 
This demonstrates that the transformed yeast are expressing 
the Protein A-Saf4 fusion protein. 

C. Recrystallization inhibition activit y in cell lvsates 
15 from transformed veast containin g the Protein A-Saf4 

gene. 

The recrystallization inhibition activity of the 
Protein A-Saf4 fusion protein expressed in YEpRM4 was 
determined by the splat assay as described in Example 3. 

20 Crude cell ly sates were prepared from transformed yeast 

containing YEpRM4 as described in Example 11. Fig. 11 shows 
the development of recrystallization over a period of one 
hour in extracts from yeast cells expressing the Protein A- 
Saf4 gene compared to extracts from cells lacking the Protein 

25 A-Saf4 gene. Slide 11-1 is a photograph of the two splats 

shortly after freezing and thawing (within 5 minutes) , while 
slide 11-2 shows the same two splats after approximately 15 
minutes, slide 11-3 shows the same splats after approximately 
30 minutes, and slide 11-4 shows the splats after a period of 

30 one hour. In all slides, the splat on the right is from 

yeast cells expressing the protein A-Saf4 gene and the splat 
on the left is from yeast cells lacking the Protein A-Saf4 
gene. Although both splats looked very similar shortly after 
freezing and transfer (slide 11-1) , after a period of one 

35 hour, the control splat lacking the Protein A-Saf4 protein 
showed a significant increase in average crystal diameter 
that was at least five times the average crystal diameter in 
the splat containing the Protein A-Saf4 protein. These 
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results demonstrate that the Protein A-Saf4 fusion protein 
InIL e i S :L d n! n tranSf ° raed ^ ^ ^ — li 2ati on 

Although the present invention has been described 
xn some detail by way of illustration and example for 
purposes of clarity of understanding, it will be apparent 
that certain changes and modifications may be practiced 
wxthm the scope of the claims. 



10 
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WE CLAIM : 

1. A substantially pure polypeptide exhibiting 
ice crystal growth suppression activity and having the 

5 formula: 

(NH 2 ) XI - X2 - X3 (COOH), 

where XI comprises a site specifically cleavable 
moiety, X2 is a polypeptide comprising at least two segments 
with a sequence homologous to a sequence LTAAN AAAAAA, and 
10 X3, if present, comprises a terminal amino acid sequence. 

2. An antifreeze polypeptide substantially free 
from contaminating fish compounds comprising: 

(NH 2 ) XI - X2 - X3 (COOH) , wherein: 
15 XI consists essentially of: 

a) a heterologous fusion partner polypeptide 
and, if present, a spacer segment; 

b) a substantially stoichiometrically 
cleavable amino acid or polypeptide and, if present, one or 

20 more spacer segments; 

c) a non-amino acid moiety; or 

d) an oligopeptide segment between about 
five to twenty amino acids and having no substantial homology 
to the sequence LTAAN AAAAAA; 

25 X2 comprises at least two amino acid segments 

having a sequence homologous to the sequence LTAAN AAAAAA; 
and 

X3, if present, consists essentially of: 

a) a fusion partner amino acid sequence with 
30 optional accompanying spacer segments; or 

b) a terminal sequence of between about two 
and fifty amino acids. 



35 



3. A substantially pure polypeptide of claim 1, 
wherein X2 comprises an amino acid segment consisting 
essentially of a sequence DTASD AAAAAA. 
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4. A polypeptide of claim 1 or 2, wherein XI 

comprises : 

a) a methionine; 

b) MAA; or 
5 c) IEGR. 

5. a polypeptide of claim l or 2, wherein the 
segments homologous to LTAAN AAAAAA have sequences in 
Fig. 2. 

10 

6. A polypeptide of claim 1 or 2, wherein X3 has 
a carboxy terminus of: 

i) ATAA; 

ii) ATAR; 
15 iii) ATAK; 

iv) ATAAAAAR; or 
V) ATAAAAAK. 



20 2. 



25 



7. A plant comprising a polypeptide of claim l 



or 



8. An antifreeze fusion polypeptide comprising at 
least two segments, each having a sequence homologous to 
LTAAN AAAAAA. 



9. A polypeptide comprising a sequence of 

Fig. 4. 

10 * A su *stantially pure polypeptide having the 

30 formula 

(NH 2 ) XI - X2 (COOH) where: 

XI comprises an amino acid sequence which does not 
contain the amino acid aspartate; 

X2 comprises at least three tandem segments, 
35 wherein each segment is about U amino acids in length and 

comprises : 
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a) all alanines except between one and four 
substituted amino acids selected from the group D f E, K, N, 

Q, R, S, T or L; 

b) ten alanines, except having between one 
5 and four amino acid substitutions selected from the group D, 

E, K, N, Q, R, S or T; or 

c) either seven alanines or six alanines 

with one leucine. 



10 



15 



11. A mixture of an ice crystal growth suppression 
polypeptide comprising a segment homologous to: 

(a) the amino acid sequence LTAAN AAAAAA, or 

(b) a sequence of Fig. 4; 
with stabilizers. 

12. A composition comprising an antifreeze 
polypeptide and a foodstuff or a biologic. 

13. A composition of claim 12, wherein the 

20 antifreeze polypeptide comprises a segment homologous to: 

a) the amino acid sequence LTAAN AAAAAA; or 

b) a sequence of Fig. 4. 

14. A composition comprising an isolated 

25 recombinant nucleic acid comprising a region encoding an 

antifreeze polypeptide of at least about 2,000 daltons, said 
region operably-linked to a heterologous promoter. 

15. A composition of claim 14, wherein the nucleic 
30 acid codes for a protein comprising a sequence of Fig. 3. 

16. A recombinant nucleic acid of claim 14, 
wherein the nucleic acid comprises at least about 20 
nucleotides which are: 

35 a) homologous to nucleic acid sequence encoding 

amino acid sequence comprising two of the amino acid 
sequences in Fig. 4; or 
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b) which will hybridize under stringent 
conditions of temperature or salt to a nucleic acid sequence 
encoding an amino acid sequence of Fig. 4. ^ 

17. A recombinant nucleic acid encoding a protein 
composing a polypeptide segment homologous to: 

a) the amino acid sequence LTAAN AAAAAA; or 
*>) a sequence of Fig. 4 

0 ".r^ Pr0tei " U "* ~*^> «** a signal sequence 
0 naturally associated with the protein. 

d»„„™ "i. * neti,0d £ ° r Dinl,,li * in 9 Potential freezing 
damage to a biological material comprising the step of 

. IS^tT ^ ° f °" e ° r "™ "*"»« Peptides 
sufficient to suppress ice crystal growth. 

19. A method of claim la, wherein the ice crystal 
growth suppression polypeptide comprises an amino acil 
segment homologous to: 

a) the amino acid sequence LTAAN AAAAAA; or 

b) a sequence of Fig. 4. 

lMm , * " ethod of clai » wherein the protein is 

introduced by expression of a recombinant nucleic acid 
sequence. 



30 



35 



antifv ^ Pr ° tein ° apable ° f t^geting an 

antifreeze polypeptide to a predetermined biological site 
said protein comprising an antifreeze segment flsed toT' 
targeting polypeptide segment. 

22. a multicellular organism comprising either a 
cell or progeny of a cell containing a recombinant nulic 
acid sequence encoding an antifreeze polypeptide. 

aei* 2 !" A COm P risin * a heterologous nucleic 

acid segment encoding an antifreeze polypeptide. 
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24 ♦ A yeast cell according to claim 23, wherein 
the polypeptide is homologous to 

a) the amino acid sequence LTAAN AAAAAA; or 

b) a sequence of Fig. 4. 

5 

25, A fusion protein comprising an antifreeze 
polypeptide segment and a Protein A segment exhibiting at 
least one IgG binding site. 
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15 



20 



25 



30 



35 
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SYMBOLS FOR AMINO ACIDS 



A 
A 


Aia 


Alanine 


p 
D 


Asx 


Asparagine or aspartic acid 


r 

w 




uysieine 


U 


Amm 

Asp 


Aspartic acid 


t 


GlU 


Glutamic acid 


r 

r 


Phe 


Phenylalanine 


si 
\j 


vjiy 


Glycine 


u 
n 


MIS 


Histidine 


I 
i 


116 


isoieuctne 


K 


Lys 


Lysine 


L 


Leu 


Leucine 


M 


Met 


Methionine 


N 


Asn 


Asparagine 


P 


Pro 


Proline 


Q 


Gin 


Glutamine 


R 


Arg 


Arginine 


S 


Ser 


Serine 


T 


Thr 


Threonine 


V 


Val 


Valine 


W 


Trp 


Tryptophan 


Y 


Tyr 


Tyrosine 


Z 


Glx 


Glutamine or glutamic acid 
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typel 


DTASD 


AAAAAA 


type 2 


LTAAN 


AKAAAE 


type 3 


LTAAN 


AAAAAA 


type 4 


LTAAN 


AAAAAK 


type5 


LTADN 


AAAAAA 


type 6 


ATAAT 


AAAAAA 


type7 


ATAAT 


AAKAAA 


consensus 


ITAan 


AaaAAa 



The single letter amino acid code is the standard 
set of abbreviations used by biochemists, also listed in 
Figure 1, lowercase letters indicate absence of identity, b 
preferred amino acid in that position 
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Saf3 


MAA - 


tVDel 




Saf4 


MAA - 


typel 




Saf 5 

*J CI A. -J 




uype J. 


— type3 


Saf6 


M - 


typel 


- type 3 


Saf7 


M - 


typel 


- type3 


safs 


M - 


typel 


- type3 


Saf9 


M - 


typel 


- type 3 


Safio 


M - 


typel 


- type 4 



type3 - ATAA 

type3 - type3 - ATAA 

type3 - type3 - type 3 - ATAA 

type3 - ATAA 

type 3 - type 3 - ATAA 

type3 - ATAR 

type3 - type3 - ATAR 

types - ATAR 



note: the sequences of typel through type7 are described in 
Figure 2 
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SS8-1 NGETP AQKAAR 1ST 

LAAAA ALAAKT 
AADAA AKAAAK 
AAAIA AAAASA 

SS3 MNAPA RAAAKT 1ST 

AADAL AAAKKT 
AADAA AAAAAA 
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Fusion to farotiein) 
Protein A 

Beta-galactosidase 
3eta-iactamase 

Chloramphenicol 
acetyl transferase 

Pa thogenesis-r elated 
protein PRlB 

Alpha-amylase 

Phytohemagglutinin 
RuBPCase small subunit 
Phaseolin 

Alcohol dehydrogenase 
Alpha mating factor 
Luc if erase 
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Advantages of fusion 

Detectability, secretion from 
Gram-positive bacteria, 
purification, readily cleave 
to yield free peptide. 

Measurement by enzyme assay, 
detectability on Western bio 

Detectability on Western blots 
secretion to periplasm in 
Gram-negative bacteria. 

Detectability on Western blots 
measurement by enzyme assay 
plant extracts. 

Secretion from dicotyledonous 
plants* 

Secretion from monocotyledonou 
plants. 

Vacuole targeting in plants. 
Chloroplast targeting in plant: 
Accumulation in seeds. 
Expression in yeast. 
Secretion from yeast. 
Detectability by light emission 
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DS oligo 1 

5 1 CCGGGCCATG GCTGCAGACA CTGCTAGCGA TGCCGCCGC GGCAGCAGC 
3 1 CGGTAC CGACGTCTGT GACGATCGCT ACGGCGGCG CCGTCGTCG 

AGCAACTGCA GCATAAGCTT GCA -3 ' 
TCGTTGACGT CGTATTCGA -5 1 



DS oligo 2 

5 1 CGCCGC CGCGGCCGCT GCTTTGACAG CTGCTAACG CCGCCGCGGCTGCA 

3' CATGGCGGCG GCGCCGGCGA CGAAACTGTC GACGATTGC GGCGGCGCCG 5' 



DS oligo 3 

5 f GGCCGCTG CTTTGACAGC TGCTAACGCC GCCGC 3 f 
3 1 CGCCGGCGAC GAAACTGTCG ACGATTGCGG CGG 5 1 



DS oligo 4 

5 ' CCGGGTACCA TGGACACTG 3 ' 

3' CATGGT ACCTGTGACGATC 5* 



DS oligo 5 



5' CGTTAA CAACATCCGG ATCCA 3 1 

3 ' ACGTGCAATT GTTGTAGGCC TAGGTTCGA 5 ' 
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PS oligo 6 

5 ' GGCCGCTAAA CTGACTGCAG ATAATGCTGC CGC 3 • 
3 1 CGATTT GACTGACGTC TATTACGACG G 5 • 



DS oligo 7 

5' AATTCCATGG TCGACAAGCG TTAACTCGAG GATTAAGGAT CCTGCAGAT 
GGTACC AGCTGTTCGC AATTGAGCTC CTAATTCCTA GGACGTCTA 



ATCGAT 3 1 
TAGCTATCGA 5' 



DS oligo 8 



5 1 AATTCCCGGG TCGACATTGA AGGTCGCGAC ACTG 3 1 

3 1 GGGCCC AGCTGTAACT TCCAGCGCTG TGACGATC 5 1 
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Hriv;frse:<i gens = a f 3 . ?.s clone a ;n oUC 1 1 2 i ::n5vr'jc*: is oi\'C£l 

m a a d 

■3a?.vtc:3c:r::c*: * ? cc c?c gcc A 76 GCT 5CA -3AC 

EcoRI- r Dni Ncol 

. 5 s T I - - <mai =*stl 



TASDAAAAAA. 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT "G 

Nhel 5acII 

NotI 

Soli ~- 



~AA*4AAAAAA_ 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT "3 

= v.jir--- sacir--- 

NotI 

Ball --- 



TAANAAAAAAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCh 

PvuII — SacII 

Bgll- 



T A A *** 

ACT GCA GCA ~AA gcrirgcaggcavgca agcvt 

PstI Hir.a3- Hmd3- 

Sphl-- 



Anvirrfiez^ gene sbt3, ?.s cloned in PUCU9 ■ oGMMl 

"I A A " 
gaar-rrgagdrcgg- ?cc egg gec ATG GCT GCA GAC 

EcoRI - Kpr.I Ncol 

SstI-- Xmal PstI 



TASDAAAAAA. 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhel SacII 

NotI 

Ball 



TAANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

Pvuil Sad I 

NotI 

Ball- — 



AANAAAAAAA 
^CA GCT 3CT AAC GCC GCC GCG GCA GCA GCA GCA 

Pvuil 5acII 

call 



ACT GCA GCA TAA gciclr 
PstI Hmo3-- 



WO 90/13571 



- 9 / 30 - Figure SD 



PCT/US90/02626 



Antifreeze gene saf4, as cloned m oUCll? ; construct i= oLVC 



M - A D 
gaattcgagctcggt ace egg gec A7G 5CT GCA GAC 

Scofil- KonI Ncol 

5stI-» xmal PstI 



TA5D AAAAAAL 
ACT GCT A6C GAT 6CC GCC GCG GCC GCT GCT TTG 
Nhel — SacII--- 

Notl 

Ball 



" A A N A 
ACA GCT GCT AAC GCC 
PvuII 

Ball- 



AAA 
GCC GCG GCC 

SacII 

Notl 



A 
GCT 



GCT 



L 

:tg 



TAANAA AAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 
PvuII — - SacII — 

Notl 

Bgll 



T A A N A 
ACA GCT GCT AAC GCC 
PvuII 

Ball 



A A A A A A 
GCC GCG GCA GCA GCA GCA 
SacII 



T A A *** 
ACT GCA GCA TAA acir-t 
PstI Hind3 — 
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Anvirreeze gene = *t3, :,s cloned in pBR222 . sonsTr-jcv is clVCB4> 

A D 
CT GCA GAC 
Pstl 



7ASDAAAAAAL 
ACT GCT AGC GAT GCC GCC 5CG GCC GCT GCT TTG 

Nhei SacII 

Not I 

Bail 



TAANAAAA 
ACA GCT 3CT AAC 3CC GCC 3CG GCu 

- /ul I SacII 

Not I 

Ball 



A A L 
GCT GCT TTG 



TAANi-tAAAAAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 

wvul I SacII 

Ball 



T A 
ACT GCA G 
Pstl 



Antifreere gene saf3, as cloned 

M 

gaattcc egg gec ATG 
EcoftI- Ncol-- 
jmal 



m pRIT5 (construct is 3GMM2) 

A A D 
GCT GCA GAC 

Psi-I 



TASDAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhei SacII 

NotI 

Ball 



TAANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

PvuII-- - Sad I 

NotI 

Ball 



TAANAAA AAAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 

PvuII SacII 

Bgll 



T A A * ♦** 
ACT GCA GCA TAA gcxt 
Pstl Hind3 — 
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Antifreeze gene saf4, as cloned in pRITr. ipRLM104i 



M A A D 
gaavtcc egg gec ATG GCT GCA GAC 

Ec&RI- Ncol 

Xmal PstI 



TA SDAAAAAAL 
ACT GCT AGC GAT 3CC GCC GCG GCC GCT GCT TTG 

Nhel— - Sad I 

Notl 

Ball 



"AANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

PvuII--- Sac 1 1 

Not I 

Ball 



TAANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

PvuII--- SacII 

Not I 

Ball - 



taana^aaaa a 

ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 
PvuII--- SacII — - 
Ball 



T A A *** 
ACT GCA GCA TAA actt 
PstI Hind3-- 



WO 90/13571 



12/30 

Figure 6G 



PCI7US90/02626 



Anvifreezs gene saf5, as cloned m dUCII? ipLVC86) 

M A A D 
g a ?. *: zangcvcgc x ?.cc egg gec ATG GCT GCA GAC 

EcokI- r.oni Ncol 

Sstrl-- Xmal *sxl 



TA 5DAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhel Sad I 

NotI 

Ball 



7-ANAAAAA 
ACA GCT GCT AAC GCC GCC GCG GCC GCT 

- vul I 3-acII 

NotI 

Ball - 



A 
GCT 



L 

TTG 



TAANAAAAAA L 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

PvuII SacII 

NotI 

Ball 



ACA GCT GCT 
c-vul I 



N A A A A A A L 
iAC GCC GCC GCG GCC GCT GCT TTG 
SacII- — 

Notl 

Sail 



TAANAAAAAAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 

PvuII SacII 

Bgil 



T A A 
ACT GCA GCA TAA actt 
PstI Hind3 — 
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Mnurrsezs gena Sr.ft", : = cloned m dkIT5 ipRLM105j 



EccRI - 

Xm-al 



aa 



M 

:cc ATG 
Ncol--- 



GC7 GCA 



Pstl- 



D 
GAC 



TA3DAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhel Sac 1 1 

Not I 

Ball 



ACA GCT GCT 
£ v- u 1 1 



N A A A m A A L 
^AC GCC GCC GCG GCC GCT GCT TTG 

5 acl I 

Not I 

Ball 



TAANAAAAA A L 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

PvuII Sad I 

Not I 

Ball 



TAANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

PvuII SacII 

NotI 

Bgll 



TAANAAAAAAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 

PvuII SacII 

Bgll 



T A A *** 
ACT GCA GCA TAA gctt 
PstI Hxnd3 — 
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Antifreeze gene s*f6, cloned in cUC119 (pGJlSl) 

c* .3 - M D 
3A ATT CGA GCT CGG TAC CCS 5GT ACC ATG GAC 

5s1:I Xmal Ncoi 

EcoRI--- Kpnl Kpnl-r- 

TA5DAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhel Sad I 

Notl 

Bgll 



TAANAAAAAAL 
;CA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

Pvul I SacII 

Notl 

Bgll 



7AANAAAAAAA 
;CA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 
PvuII--- SacII--- 
Bgll 



T A A *** 
ACT GCA GCA TAA gctt 
PstI Hind3- 



Anvifreere gene saf6. as cloned in pRITS (pLVC94) 

m D 

G AAT TCC CGG GCC ATG GAC 

EcoRI Ncoi 

Xmal 



TASOAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhel SacII 

Notl 

Bgll 



TAANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

PvuII Sac 1 1 

Notl 

Bgll 



TAANAAAAAAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 
PvuII--- SacII--- 
Bgll 



TAA *** 
ACT GCA GCA TAA gcrt 
PstI Hxnd3 — 
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Antifreeze gene saf7 f cloned in pUCl 19 (pGJ152) 



P G T M D 
GA ATT CGA GCT CGG TAC CCG GGT ACC ATG GAC 

Ssirl Xmal Ncol 

EcoRI Kpnl Kpnl 



T A 5 d A 
ACT GCT AGC GAT GCC 
Nhel 

Bgll 



A A A A A L 
GCC GCG GCC GCT GCT TTG 
SacII--- 

Notl 



TAANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 
PvuII-" SacII--- 

Notl 

Bgll 



T ^ANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 
PvuII—- SacII--- 

Noi-I 

Ball 



T A A N A 
ACA GCT GCT AAC GCC 
PvuII 

Bgll 



A A A A A A 
GCC GCG GCA GCA GCA GCA 
SacII — 



T A A *** 
ACT GCA GCA TAA gctt 
PstI Hind3-- 
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Antifreeze gene saf8, cloned in pUCll? (pGMM3) 

P G T M D 
ga att eg? get egg tac CCG GGT ACC ATG GAC 

3s 1 1 " Xmal Ncol 

EcoR I Kpnl Kpn I 



TA9DAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhel Sad I 

Not! 

Ball 



TAANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

Pvul I SacII 

Not I 

Bgll 



TAANAAAAAAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 

SvuII--- SacII 

Ball 



A R * 

ACT GCA CGT TAA caa catcc ggavee aagcirt 

Hpal Fokl- BamHI 

Mrol Hind3- 
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Antifreeze gene saf8, zlonea m dUCII? ioSMM3) 

P 3 7 m D 
ga flVT eg a ccv egg tac CCS GST -CC ATG 5AC 

5s 1 1 Xmal Ncol 

ScoRI Kpnl kpnl 



TA5DAAAA 
ACT GCT AGC GAT GCC GCC GCG GCC 
Nhel--- . SacII — 

NotI-, 

Bail 



3CT GCT TTG 



"AA.MAAfiAAAL 
ACA '5CT GCT AAC GCC 3CC GCG GCC GCT GCT TTG 

c-vuii SacII 

Not I 

Bgil 



TAANAAAAAAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 

PvuII--- SacII 

Bgil 



TAR* 
ACT GCA CGT TAA cua catcc ggatcc aaactt 

Hpal FoU- BamHI 

Mrol Hmd3- 



Antifreeze gene saf8, as cloned m pRITS (construct is plVC95) 

M D 

G AAT TCC C5G GCC ATG GAC 

EcoRI Ncol 

Xmal 



T A 5 D A 
ACT GCT AGC GAT GCC 
Nhel — 



Bgil 



A A A A A L 
GCC GCG GCC GCT GCT TTG 
SacII — 

NotI 



TAANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

PvuII— SacII 

NotI 

Bgil 



T AANAAAAAAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 
PvuII— SacII — 
Bgil 



TAR* 
ACT GCA CGT TAA caa catcc ggatcc aaactt 

Hpal Fokl- BamHI 

Mrol Hind3- 
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Antifreeze gene saf?, cloned in pUCll° <dGMM41 

p G T M D 
ga att cga get egg tac CCG GGT ACC ATG GAC 

SstI Xmal Ncol 

EcoRI Kpnl Kpnl 



TASDAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhel SacII 

NotI 

Bgll ■ 

T A A N A A A A A A L 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

C'vul I Sad I 

NotI 

Bgll-- 



TAANAAAAAAL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT GCT TTG 

PvuII SacII 

NotI 

Bgll 



TAANAAAA AAA 
ACA GCT GCT AAC GCC GCC GCG GCA GCA GCA GCA 

PvuII SacII 

Bgll 



TAR* 
ACT GCA CGT TAA caa catcc ggatcc aagctt 

Hpal Fokl- BamHI 

Mrol Hirid3- 
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AntiTrsere gene saflO, *5 clone a in p<JCi: c construe: 1 = oGMMS) 

o 3 r m ;■ 

av~ eg a ccv rgg v?.c CCG GGT ACC ATG GAC 

5s 1 1 * m a I Nee I 

ccoRI v on I r.onl 



: * = iJAAAAAAL 
ACT GCT ;3C GAT GCC GCC 5CG GCC GCT GCT TTG 

Nhei--- 5acII 

Nor I 

Bail-- 



TAIN A A A A A ' L 
ACA GCT GCT AAC GCC GCC GCG GCC GCT AAA CT5 

-vul I Sad I 

Not I 

Sail 



TAC-NAAAAAAA 
ACT GCA GAT AAT GCT GCC GCG GCA GCA GCA GCA 
PstI SacII--- 



TAR* 
ACT GCA CGT TAA caa ,catcc ggatcc aagctt 

Hpal Fokl- BamHI 

Mrol Hind3- 



Antifresze asne saflO. as cloned from DGMM3 into oSMMS 
■ cons vrucl: i= oGMM9 i 

G N S *l D 
GGG AAT TCC ATG GAC 

Ncol 

EcoRI — 



TASDAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhei SacII 

NotI 

Bgll 



TAANAAAAAKL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT AAA CTG 
PvuII— SacII--- 

NotI 

Bgll 



TA D N A A A A A A A 
ACT GCA GAT AAT GCT GCC GCG GCA GCA GCA GCA 
PstI SacII — 



TAP* 

ACT GCA CGT TAA caa cat ccg gat cct oca aat lite gats 

Hpal Fokl-- PstI Clal — 

Mrol EcoRV— 
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Antifreeze gene ssflO. as clonea wivh Factor V-a site in pUCll? 
i construct is p6MM7) 



NSRVDIEGRD 
6 AAT TCC CGG 6TC GAC ATT GAA GGT CGC GAC 

EccRI--- Sail--- Nrul 

Xmal 

F actor X a 



TA5DAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 

Nhel Sad I 

Not I 

Bgll 



TAANAAAAAKL 
ACA GCT GCT AAC GCC GCC GCG GCC GCT AAA CTG 

PvuII SacII 

Noi-I 

Bgll 



TADNAAAAAAA 
ACT GCA GAT AAT GCT GCC GCG GCA GCA GCA GCA 
PstI SacII--- 



TAR* 
ACT GCA CGT TAA caa catcc ggatcc aagctt 

Hpal Fokl- BaroHI 

Mrol Hind3- 
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Antifreeze gene saflO, as cloned with Flexor X-a sits 
from pGMM7 into pGMMS i construct is pGMMlO) 



N S R V D 
G AAT TCC CGG GTC GAC 
EcoRI — Sail--- 
Xma I 



I E G R D 
ATT GAA GGT CGC GAC 
Nrul 

FactorXa 



TA5DAAAAAAL 
ACT GCT AGC GAT GCC GCC GCG GCC GCT GCT TTG 
Nhel — SacII--- 

Not I 

Bgll 



TAANAAAAAK L 
ACA GCT GCT AAC GCC GCC GCG GCC GCT AAA CTG 
PvuII--- SacII--- 

Not I 

Ball 



TADNAAAAAAA 
ACT GCA GAT AAT GCT GCC GCG GCA GCA GCA GCA 
PstI SacII 



TAR* 

ACT GCA CGT TAA caa cat ccg gat cct gca gat ate gata 

Hpai Fofcl"" " PstI Clal 

Mrol EcoRV — 

BamHI 
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